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MAGNESIA SPRING CANYON

DETAILED PROJECT REPORT FOR FLOOD CONTROL
RIVERSIDE COUNTY, CALIFORNIA
APPENDIX A

HYDROLOGY

I. INTRODUCTION

1.01. PURPOSE AND SCOPE. This report presents hydrology in support of
Detailed Project Report (DPR) studies for Magnesia Spring Canyon, Riverside
County, California. The report has four major objectives: (a) to present the
basic meteorologic and hydrologic characteristics of the study area; (b) to
outline the methods and techniques used to model the runoff process and to
determine discharge frequency relationships; (e¢) to present standard project
flood and discharge frequency values under preproject and project conditions;

and (d) to present probable maximum flood and debris production estimates for

the proposed debris basin. The general location of the study area is shown on

plate A-1; plate A-2 shows drainage area boundaries. Tables A-1 and A-2, and

plates A-9 and A-10, give peak discharge values for preproject and project :"fﬁ
1

-
'

conditions. Subarea characteristics are given in table A-3, - - -4

1.02. PREVIOUS REPORTS. Prior hydrology for the Magnesia Spring Canyon basin

was presented in the report entitled "Whitewater River Basin, Feasibility
Report for Flood Control," dated May 1980 (ref. 1). The current report

expands the scope of the previous study. Other references with material of

hydrologic importance for the study area are listed in the Sibliography.
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1.03. PROPOSED PLAN OF IMPROVEMENT. The proposed improvement consists of a
combination of flood control channel and debris basin. The channel would -
extend from the Whitewater River to approximately 1.3 miles upstream, where :
the construction of the debris basin is proposed. The level of protection %ﬁ :

provided by the channel would be standard project flood, and the debris basin <

)
would be designed to contain the debris production of a single, large flood
event.
1.04. COORDINATION WITH OTHER AGENCIES. A draft of this report was forwarded ’

for review and comment to Riverside County Sanitation and Flood Control

Distriect, Coachella Valley Water District (CVWD), and Bechtel Corporation,

consultants to CVWD. ’
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II. GENERAL DESCRIPTION OF THE DRAINAGE AREA

2.01. BASIN DESCRIPTION. Magnesia Spring Canyon, a tributary of the
Whitewater River, originates in the lower San Jacinto Mountains in Riverside
County (see plate A-1). The stream flows in a northeast direction. At
elevation 600 feet, the stream enters an alluvial fan area where the flow path
becomes undefined depending on the magnitude of flows. Low flows are directed
by existing levees to the West Magnesia Channel, which runs from elevation
480 feet to the Whitewater River. Large floodflows would cause the levees to
fail and flood the Rancho Mirage community., The 5 square mile portion of the
basin above elevation 500 feet is about 2.5 miles long, with an average width
of about 2 miles (see plate A-2). Elevations range from about 220 feet at the
Whitewater River to 2,975 feet in the higher peaks, with an average elevation
of 1,500 feet. The average gradient upstream of the fan area is about 600

feet per mile, decreasing toc about 190 feet per mile downstream.

2.02. GEOLOGY AND SOILS. Magnesia Spring Canyon is typical of the mountain
canyons at the toe of the San Jacinto Mountains, containing stee; walls
bordering a relatively flat floor. The walls contain mostly hard and

relatively massive metamorphic rocks to an elevation of about 1,600 feet.

Above that elevation, the slopes become markedly flatter and are covered with
a thin veneer of residual sandy soil. The canyon floor is the head of a large
alluvial fan up to about elevation 600 feet. The fan contains mostly clean
sand, with some gravel, cobbles, and boulders to 3-foot diameter. Scattered

remnants of former fans exist as terraces about 40 feet above the current fan.

2.03. VEGETATION. Typical desert vegetation such as scattered creosote bush, Lo

ocotilla, paloverde, ironwood, and cactus grow in the lower slopes of the San Iil




Jacinto Mountains. In the flat areas, the watercourses are thinly lined with

mesquite, ranging from stunted shrubs to small trees.

2.04, LAND USE. No future development is expected to occur within the

Magnesia Spring Canyon basin that might alter the runoff characteristies of

LT T e ..

the watershed. Although some development would occur on the cone with the

proposed project, the additional runoff would not contribute to West Magnesia

Channel flows.
2.05. HYDROMETEOROLOGICAL CHARACTERISTICS.

a. The study area is characterized by a subtropical desert climate, with

hot, dry summers and mild winters. The desert floor is one of the hottest

areas in North America during the months of June through August, with daily

L

maximum temperatures of 110 to 115 degrees Fahrenheit very common and with
all-time highs of around 125 degrzes Fahrenheit. During colder winter nights,
the temperature can occasionally drop below freezing. The mountain slopes of

the study area are generally cooler than the desert floor, especially during

daytime hours, with a temperature decrease of about 5 degrees Pahrenheit per

‘aman G amaman e sy 3 SASC

g

1,000 feet of elevation. Prevailing winds in the region are generally from f';} )

the northwest and are usually strongest during spring and summer.

A )
L 4

3 b. The mean annual precipitation is very low on the desert floor, with
only about 4.5 inches in Rancho Mirage along Highway 111. This increases to

about 6 inches in the highest portions of the study area. Most of the

1
precipitation falls during the cooler months, November through March, but N
high-intensity thunderstorms and even tropical storms can occasionally occur 'ﬁfﬁ:%
between mid-summer and early fall. .:-
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¢c. Three types of storms can produce precipitation in the study area:
general winter storms, general summer storms, and local storms. A brief

description of each storm type is given in the following subparagraphs.

(1) General winter storms usually occur during the period from November
through March. They originate over the Pacific Ocean and move across the
basin generally from west to east. They normally last from one-half day to
several days and are accompanied by widespread precipitation. Those storms
which move into the area from out of the subtropical Pacific southwest of
southern California are usually heavier than those which originate in the Gulf

of Alaska and approach the region from out of the northwest.

(2) General summer storms are quite rare in the study area and are
generally limited to the period early August through early October. They
normally move into the region from out of the south or southeast and are often
associated with the remnants of a tropical hurricane from off the west coast
of Mexico. In a general summer storm, there is often widespread moderate
precipitation for durations up to 24 hours, with showers lasting up to

T

3 days. Some heavy general precipitation and very heavy local‘thunderstorms

are sometimes imbedded.

(3) Local storms can occur at any time of the year, either during general
storms or as isolated phenomena. The most frequent and potentially heaviest
local storms usually occur in the study area from July through September, but
fairly heavy local storms can also occur from December through March. These
local storms cover comparatively small areas and frequently result in high-

intensity precipitation of short duration. The storms are usually accompanied

A-5
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by considerable lighting and thunder and are often accompanied by strong,

gusty winds and/or hail.

;} 2.06. RUNOFF CHARACTERISTICS. Except for periods during and immediately
following rainstorms, there is little or no streamflow. Climatic and drainage
" area characteristics are not conducive to continuous runoff. During the
larger storms, especially those occurring soon after other storms, the
streamflow increases rapidly in response to effective precipitation. Floods
are of the flashy type, having sharp peaks and short durations. Large floods
transport moderate quantities of debris that is usually deposited at the base

of the canyon. Considerable percolation would occur on the debris cone during

large floods. Baseflow is considered negligible. Snowmelt is not a

contributing factor to runoff.
2.07. EXISTING AND PROPOSED STRUCTURES AFFECTING RUNOFF.

a. West Magnesia Channel, a combination of levee and channel
appreoximately 1.3 miles long, was built along the west side of Rancho Mirage
by local agencies. The effectiveness of the upstream levee is quesiionable,
however. During the September 1976 flood, an estimated peak discharge of
800 cfs broke through the levee, as did the much larger flood of July 1979,

when the peak discharge was estimated to be between 5,000 and 7,000 cfs.

b. The Coachella Valley Water District is proposing the contruction of an
East Magnesia Channel on the east side of Rancho Mirage that would provide SPF
level of protection from runoff coming from the adjacent foothills. This

project was considered in place for existing conditions.




III. STORMS AND FLOODS OF RECORD

3.01. GENERAL. Little information is available pertaining to floods in th
Magnesia Spring Canyon basin. The following paragraphs give a brief
description of the storm of 24 September 1939, which was used to develop th
standard project flood, and the events of 9-11 September 1976 and 20 July 1
Historical accounts of other storms and floods that have occurred in the

Whitewater River basin are given in reference 1.

3.02. STORM OF 24 SEPTEMBER 1939. At Indio, in a thunderstorm preceding t
occurrence of a tropical st. 'm from off the west coast of Mexico, 6.45 inch
fell in a period of 6 hours. Short-time intensities during this burst of
precipitation, as noted by the observer at Indio, are shown in table A-5.
No estimates of runoff during this thunderstorm are available. The total
precipitation in the Whitewater River basin from the tropical storm varied
from 9.65 inches at Raywood Flat in the San Bernardino Mountains to 1.51

inches at Palm Springs.

3.03. STORM AND FLOOD OF 9-11 SEPTEMBER 1976. /

a. During the period 9-11 September 1976, Tropical Storm Kathleen was
steered by atmospheric currents northward from off the west coast of Mexicc
and into the Imperial and Coachella Valleys of California. The passage of
this storm generated very heavy general rainfall over the mountains and
deserts of San Bernardino, Riverside, and Imperial Counties. Total storm
precipitation in the Rancho Mirage and Palm Desert area was around 3 inches

(2.95" at Cathedral City Road Department and 3.32" at Palm Desert Fire

Station), with higher totals in the foothills and up to 14 inches in the hi




mountains. The upper portions of Deep Canyon (a neighboring basin southeast
of Magnesia Spring Canyon) received up to 8 inches of rain. Most of the

precipitation in this storm fell during the morning of 10 September, and the
highest intensities occurred during the late morning, when rates of more than

1 inch in 1 hour were recorded.

b. Despite the fact that the ground was generally dry at the beginning of
the storm, the amounts and intensities of rainfall during the earlier hours of
the storm easily saturated the ground, so that a large portion of the heavy
late-morning rain of 10 September ran off. The peak discharge at the mouth of
Magnesia Spring Canyon was estimated by the Corps of Engineers to be only
800 efs, but flow rates on some neighboring streams were much higher. At the
USGS stream gage in Deep Canyon (drainage area = 30.6 sq. mi.), the peak
discharge was 7,100 cfs; on Dead Indian Creek near Palm Desert (located
between Deep Canyon and Magnesia Spring Canyon, and having a drainage area of

9.02 sq. mi.), the Corps of Engineers estimated a peak of 8,900 cfs.

3.04. STORM AND FLOOD OF 20 JULY 1979. During the early hours of 2C July 1979,
an intense local thunderstorm broke over the foothill areas from Palm Springs
to La Quinta. The center of the storm was in the southwestern portions of
Rancho Mirage and Cathedral City and in the hills above these communities.
Although the very heaviest rainfall in this storm might not have been

measured, the gage at the Cathedral City Fire Station recorded a maximum of
1.37 inches in 30 minutes, 2.24 inches in 1 hour, 2.92 inches in 2 hours,

3.19 inches in 3 hours, and 3.68 inches in 6 hours. Because of this extremely
high-intensity rainfall over the steep foothill terrain above Rancho Mirage

and Cathedral City, very heavy runoff developed in a matter of minutes, and

A-8

. et At AT et RS
P 2P BPRLSP P PN PN Y W 3




T p— L4 M M ACIh RS e Iy AN A e i i A A S AN A A St i T

’
severe flash flooding occurred in these communities. Peak discharges at the
mouth of the Magnesia Spring Canyon and on a small tributary were estimated by iiv_
the Corps of Engineers to be 5,000-7,000 cfs and 1,500-2,500 cfs,respectively
(see plate A-2 for location).
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IV. SYNTHESIS OF STANDARD PROJECT FLOOD

4,01. GENERAL. The standard project flood (SPF) represents the flood that
would result from the most severe combination of meteorologic and hydrologic
conditions considered reasonably characteristic of the region. It normally is
larger than any past recorded flood in the area, and can be expected to be

exceeded in magnitude only on rare occasions.

4.,02. STANDARD PROJECT STORM. The thunderstorm that occurred at Indio on

24 September 1939 is considered to be the most severe local storm that could
reasonably be expected to occur in the area. This storm was therefore used to
determine the standard project flood for the basin. The average precipitation
for the basin during the storm was determined by reducing the point
precipitation (6.45 inches) for the Indio storm to average precipitation over
the basin by means of the depth-area curve (see plate A-4) developed from the
isohyetal analysis shown on plate A-5, which happens to be almost exactly
parallel to the depth-area curve developed for 3-4 March 1943 storm that
cceurred in the Los Angeles area. The precipitation-intensity pattern for the
local storm was determined from a mass curve of observed rainfail during the
24 September 1939 storm at Indio (see plate A-6). A typical precipitation-

intensity pattern is shown on plate A-11,

4,03. RAINFALL-RUNOFF RELATIONSHIPS.

a. There are no precipitation and runoff records available for an

analysis of rainfall-runoff relationships in the Magnesia Spring Canyon

basin. The rainfall-runoff relationships adopted for this study were taken
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from reference 1. Elements used to establish rainfall-runoff relationships

are discussed in the following paragraphs.

b. Unit Hydrographs. The unit hydrograph procedure used by the Los
Angeles District has its basis in an S-graph, which is the time distribution
of runoff as a function of basin lag time. Lag time is defined as the time in

hours for 50 percent of the total volume of runoff of the unit hydrograph to

occur. The basin lag time can be approximated for ungaged watersheds by the \ )
use of the lag relationship presented on plate A-7. The basin n value is a ﬁ
proportionality factor in the equation for lag time which permits adjustment .
of lag time depending on type of ground cover and surface characteristics ;";}Q

affecting basin response to effective rainfall. Synthetic unit hydrographs
were determined from the S-graph shown on plate A-8. Pertinent

characteristics for subareas used in this study are presented in table A-3.

¢. Baseflow and Rainfall Loss Rate. Baseflow was considered negligible

during the standard project storm. A constant loss rate of 0.20 inch per hour <o

was adopted in this study, with a factor to account for impervi~us areas, such o

as roads and rock outcrops.

4.04. FLOOD ROUTING. -

a. Because the upstream levees would fail under the large floods of

interest, no routing was done for the existing West Magnesia Spring channel.

Overflow boundaries through Rancho Mirage will be developed from observed data iij;;

obtained from the July 1979 flood.

b. Flood routing in improved channels was accomplished by the Muskingum

method of channel routing. Flood wave travel time in a reach, which htf:

..........
.......................
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approximates the Muskingum coefficient K, was determined by dividing reach
length by average peak flow velocity. Manning's formula for normal flow and

a preliminary design cross-section were used to compute the average peak flow
velocity for the reach. An X value of 0.4 was used for the proposed concrete

channel. Muskingum coefficients are given in table A-3.

4.05. COMPUTATION OF STANDARD PROJECT FLOOD.

a. Standard project flood was computed by centering the standard project
storm in the most critical flood producing manner. Application of the
constant loss rate to the standard project precipitation enables determination
of the rainfall excess. The rainfall excess is then applied to the subbasin
unit hydrograph to produce the subbasin flood hydrograph. Combining and
routing of subbasin flood hydrographs to the desired concentration point

completes the computation of a standard project flood.

b. Standard project flood peak discharges, computed as described above,
are p.esented in tables A-1 and A-2 and shown on plates A-9 and A-10 for pre-

project and project conditions, respectively. The standard project flood

hydrograph at the debris basin site is shown on plate A-11,
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V. SYNTHESIS OF PROBABLE MAXIMUM FLOOD

5.01. GENERAL. The probable maximum flood (PMF) is defined as the flood that
would result if the probable maximum precipitation for the drainage area were

to occur at a time when ground conditions were conducive to maximum runoff.

Probable maximum flood, as its name implies, is an estimate of the upper bound
. of flood potential on a watershed. Such a hypothetical flood is necessary for

proper design of debris basin and dam spillways.

5.02. PROBABLE MAXIMUM PRECIPITATION. Probable maximum precipitation (PMP)
is considered the practical upper limit of available precipitable water over

an area as estimated by the Hydrometeorological Branch of the National Weather

Service. Local storm PMP estimates were computed from Hydrometerological
Report (HMR) NO. 49, "Probable Maximum Precipitation Estimates, Colorado River
and Great Basin Drainages," dated September 1977. Computation of PMP is shown

on plate A-12.

5.03. PROBABLE MAXIMUM FLOOD. Computation of PMF was accomplished in the
same manner as SPF, with two exceptions. First, basin lag time was reduced by
15 percent to account for the reduction in the response time of rainfall

excess characteristic of large floods where the hydraulic efficiency of the

watershed is increased by high depths of flow. Secondly, the loss rate was
reduced to 0.15 inch per hour. This is a minimum loss rate deemed reasonable

of a watershed saturated by antecedent rainfall. The PMF peak discharge and

volume at the debris basin site (flood control dam site) are 44,000 cfs and

4,390 ac-ft, respectively; the hydrograph is shown on plate A-12.
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VI. DEBRIS PRODUCTION

l 6.01. The location of the proposed debris basin is at the mouth of the

' Magnesia Spring Canyon, approximately 1.3 miles upstream the Whitewater River
confluence and near elevation 480 feet (see plate A-2). A quantitative
estimate of the debris production from a single, large storm event was
computed using the Tatum method (reference 2). Measurements of slope,
drainage density, and hypsometric index were obtained from available 1:24,000
topographic maps. Corps of Engineers geologists have determined that the
overall debris potential of the basin is low. In light of the low debris
potential and the lack of significant ground vegetation, the best estimate of
debris production would be obtained by applying the correction factors to the
ultimate debris production value estimated for 10 years after a burn. The
estimated total debris production from a single, large storm event is 150,000
cubic yards. Debris production parameters used in the analysis are given in

table A-4.
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VII. DISCHARGE FREQUENCY ANALYSIS

7.01. GENERAL. Discharge frequency analysis in the study area involved
determination of discharge frequency values with and without the proposed
improvements., No streamgages exist in the study watershed; thus, regional
discharge frequency relationships developed in reference 1 were used in the

analysis. Estimates from rainfall-runoff calculations were also included.

7.02. REGIONAL FREQUENCY ANALYSIS. N-year peak discharges from the
individual station frequency curves for 8 stream gages within the Whitewater
River Basin (developed for ref. 1), stated in cfs per square mile, were
plotted versus drainage area. N-year peak discharges computed from rainfall
for some of the streams were also plotted. A smooth family of curves
representing peak discharge per square mile for the 500-, 100-, 50-, and 10-

year return periods, and for the standard project flood, were then drawn

through the plotted points, The results are reproduced on plate A-14. Stream

gage station data and peak discharge statistical parameters are also
reproduced in tables A-6 und A-7, respectively. A more detailed discussion of

the regional frequency analysis can be found in reference 1.

7.03. ESTIMATES FROM RAINFALL. A 100-year flood peak discharge was computed

for the subarea above the debris basin site using a runoff model and a

hypothetical storm. The hypothetical 100-year storm was based on the standard

project storm pattern, with t-hour amounts adjusted sc as not to exceed the
100-year rainfall statistics determined by the National Weather Service

(reference 3). The computed 100-year peak discharge of 4,300 cfs compares




favorably with the adopted value, which was based on the regional frequency

curves.
7.04, ADOPTED RELATIONSHIPS,

a. Peak discharge frequency values were determined from the regional
frequency curves. These values were then adjusted to reflect the slightly
lower runoff potential of the basin indicated by a comparison of the computed
SPF and SPF estimated from the regional curves. The adopted discharge -
frequency values for pre-project conditions are given in table A-1. The

discharge frequency curve at the debris basin site is shown on plate A-15,

b. Peak discharges for project conditions were determined by routing and
combining n~-year flood subarea hydrographs, reduced by the ratio of n-year
peak to SPF peak, as determined from the adopted frequency curve shown on

plate A-15, N-year peak discharge values for project conditions are given in

table A-2.

c. N-year peak discharges for the small tributaries in the rroject area

are also given in table A-2. These values were computed as described above

and are considered suitable for side drainage design.
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TABLE A-1

PEAK DISCHARGES

WITHOUT PROJECT

Concentration Drainage Peak Discharge (cfs)
Point Area_(mi®) SPF 500-Yr 100-Yr 50-Yr  10-Yr

Magnesia Spring Canyon:
CP 1-A® - - - - - -

(Whitewater River)

CP 4 4.9 6,600 12,000 4,200 2,700 570

(Elev. 480 ft.)

Whitewater River:

at Rancho Mirage 720 78,000 90,000 37,000 22,000 6,100

8% Hydraulics Section will develop the overflow boundaries from discharge-depth
relationships determined from observed depths during the July 1979 flood and
the July 1979 estimated discharges at the canyon mouth (CP 4#). Therefore,
discharge frequency estimates of CP 4 given above are sufficient for overflow

determinations.

........................................
...................

-----------------

..............
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TABLE A-2
' PEAK DISCHARGES
WITH PROJECT
Concentration Drainage Peak Discharge (cfs)
Point Area (mi?) SPF 500-Yr _ 100-Yr  50-Yr _ 10~Yr
s Magnesia Spring Canyon:
CP 1 5.3 6,800 6,800% 4,300 2,600 590
(Mouth)
[ CP 2 (Below confl. 5.3 6,800 6,800% 4,300 2,600 590
with Stream "A")
k CP 3 (Below confl. 5.1 6,600 6, 600% 4,200 2,500 570
- with Stream "B")
2
CP 4 4.9 6,600 12,000 4,200 2,500 570
(Elev. 480 ft.)
Stream "A" 0.25 500 1,000 350 200 4o _ﬁ
) s
(at Magnesia Spring) ' p
Stream "B" 0.15 300 600 200 120 25 ]

(at Magnesia Spring)

* Flows greater than design discharge (SPF) proceed downslope through

Rancho Mirage.

A-19




TABLE A-3

SOt A tat Sl " TE T

SUBAREA CHARACTERISTICS

Drainage
Area L Lea Slope
Subarea (miz) (mi) (mi) (ft/mi) n % Impervious
A1l 0.25 1.02 0.76 765 0.035 5
§ A2 0.15 0.76 0.34 895 0.035 5
k‘ B 4.90 3.13 1.40 600 0.035 5

ROUTING COEFFICIENTS oy

Routing T Muskingum Coefficients
Reach (hrs) NRCHS K (hrs) X
CP 4-Cp 1 0.083 1 0.083 0.4

T = Routing time interval

NRCHS = Number of subreaches




TABLE A-4

MAGNESIA SPRING CANYON

DEBRIS PRODUCTION pARAMETERS (¥

~ - Drainage Drainage 3-Hour
Area Slope Density(1) Hypsometric Rainfall
(mi2) (ft/mi) _(mi) Index(2) (in)
4.9 600 1.76 0.51 3.5
Correction
Factor(3) (%) - 67 97 99 100

Ultimate debris production = 48,000 cu. yd./sq. mi.

Total correction factor 649

Total debris production 150,000 cubic yards

(n Total streams length in miles, divided by the drainage area in
square miles.

(2) Relative height at which the drainage area is divided into two equal
parts.

- (3) Percentage for each of the parameters that represents the difference

between ultimate and actual conditions.

Tatum method.

....................




TABLE A-5

OBSERVED PRECIPITATION AT INDIO

STORM OF 24 SEPTEMBER 1939

Time Accumulated Precipitation
Hours Inches

0500 0

0800 2.00

0930 3.70

1015 5.45

1100 6.45

L e el o ae g

=
:

’

’

W s m————

PR T
. et e




)
)
-— e
!

BTUJIOJTT®)

ooL‘L 9.-0L-6 9l g8L6L-£961 9°0¢t ‘qa989(q WTed Jeau aau) deaq 00265201
eTulogtTe) ‘slutuadg
096°1 nG-LE-8 62 8L61-0561 9°g Wled Jesu 3aJ) Seauqpuy 00065201
3 200 ‘6 2= -2 gL6L-gN6L BTUJOJTTE) ‘sBuTadg wreq
050 9L-0L-6 1X/] Lh6L-0E6L £°€6 Jeau }9aJ) uokue) wreq 00585201
006°‘2 G9-22-11 BTUJOJTTR) ‘sButudg
006°2 69-52-1 LE 8L6L-ghbl 8°91 uTed Jeau xaau) z3ynbyey 00086201

BTUJOJTTE) ‘sButuads 90K

099°L 69-62-1 ol LL61-8961 LeGt 1J49€8(Q JB3U YIaJd) UOTSSTH 009.6201L
#0056 L= =2 BTUJOJTT®ED .
000°€E1L 69-G62-1 gl 8L6L-1961 £9 8°0t ‘J91BMIITUM JBIU NS3J) MOUS 0069520t m“
BTUJOJTTERD ‘J27BMaITUM umg

052l 69-62-1 El 8L61-9961 13418 JedU J9ATY OTUOIuoH Ueg 004%95201 w“
#0009 le- =2
#000°2h gE-20-¢€ BTUJOJTTRD ‘Ja3EM
000¢#2 g9=-cec-Lt 8¢ LL6L-0G61 29 G° LS —93TUM 1B JBATY JIIBMIITUM 00096201

sJO 93eq A:vm. pJ0ODaY Amvm. *Tm *bs U0 T3e001 *ON oZen

93JBYOST(q Aedd Jo eaJdy °‘s*H°sn

wnwyxXep potJegd aBeuTra(g

NISYE HIATY HILVMALIHM HHI NI SNOILVIS DNIDVOWVIYIS
9=Y FT4dVL

IR DTN © S




—TTT T

Ty

r——

B kg aaan

v

Ty

0L2°6

(2)002*9
«—Voom.N

+000°0L
2000°01
2000°62

00l ‘nt

§J0

£9-10-8

8L-0L-6
69-52-1

9L- -l
lz- -2
gE-£0~¢£

§g-22-t1

33e(q

SPJEUOS T Nead
WNWTXER

e L T el S

fit

€L

(mN

*gg6L IouTS STqeITRAE SMOTJ ATTeEp ATUQ

9L61~£961

9L61-1961

gL61-9961

pJaooay
Jo
potJgad

e e

9

()

‘pejewrysd 4

*Y3Bua pJOO3Jd D TIEWAISAS

(t)

*yaBus T PJODOdBJ DTJOISTH (€)

(G °Jad) xead pajewTisy (2)

BTuJOJITe) ‘sButads 30H
f1° 61 14989 JBaU Na\J5 JuoT

BTUJOJTTRD
662°L  ‘BODdK JEIU JOATY JOJEMIITUM

eTWIOJITED
gL0‘1 ‘OTPUY 9B JBATY JIIEMBITUM
*Iw °bs UOT3E€00"7
BaJdYy
afeuteu(q

(penutiuo)) g-y T1AVL

*MOTJ ATTED WNWIXEW (L)

0085201

01565201

00£65201

“ON %)
‘s*H°s*n

A-24

ST




e e v e

L.

: 4R X ]

£0°L  9185°0 8LLg°L 62 9L°0 gLlg"|
90°L- 9rS8°0 LhsE°e £ 9298°0  G62£°C  Eh
Gr°0  £68L°0 16.8°L L€ 2n69°0  69L0°2 LE
69°0 6fze’L 6S69°L ft
05°0 6£92°L €202°1 oL
G6°0 2L69°0 LinS°Z gL  GLE9*0 E66h'C €9
L0°0~ €£08°0 hERS"C £l
RO"L  1€99°0 8089°2 g2 L0£9°0 8499°2 29

D S X N 3 X H

SPJI0OOSY OTIJERWAISAS SpJOD3Y

uo paseg peasnlpy uo paseg
L~V 318Vl
Y

L e N A AT A P .2 SR kot o AR

(9)9°8

(6)€"€6
(n)8°9
()76t
(£yLSE
(2)8°0t
hSl

(1)5°4s

eady

adeutedq

etudojiie) ‘sButuadg
mwied Jeau )}9sd) seadpuy

eIUuIOJTIR) ‘sButuadg
wied Jeau 3}aaJ) uolue) wreq

eTUMOJTITR) ‘s8utudg
wied Jeau }8sJa) ziinbyel

eTuaojrITe) ‘s8utadg
q0H 3J888(@ JEdU N¥au) Juo

eIuJdOJITE) ‘s8utadg q0H
143680 JE3U ‘B34 UOTSSTW

BTUJOJTTRD
‘J371BMITTIUM JESU HIOJ)H MOug

BTUJLOJTTE) ‘Jdd3BMaITUM
Jesu JIATY OTuoBuaon ueg

BIUJOJTTR) ‘Jddjem
-93TYM 3B JRATY JBQEMIITUM

UcTq €007

SHELAWVHVd TYOILSILVLS JDHVHOSIA AVid

biiniidaliias,

00065201

00585201

00085201

00815201

0094520t

00595201

00795201

00095201

*ON odep
$°0°s°n

- .
RN

. .~ DA
PP PRSP AP«




2 *pPJOdad MOTJ OJdZ
~UuOU J0J BJe §0136TIBIE {pa0daJ OTIRWAISAE UT §04OZ OM3 SUTEQUOD *| *Jou ‘Szo-, -eded uf UCTSSNOSTP 03 JoJay ()

‘pPajedunJdy §Jo | 03 Tenba uo ueys sset SMOTJ ®3ayj {quawisn{pe puaoosd a381dwodoul JOJ SOJ3STIEIS oT39Yquis (L)
‘L *JaJd ‘J20-L *eaed Ul UOTSSNOSTP 03 43334 (9)

*PJODdJ MOTJ OJSZ-UOU JOJ BJB PJOD3J OTIBWAYSAS JOJ SOTISTIBAS
"USROJQ ST puoddY *MOTJ OudZ QUO {3UBWISNIPE MOTJ OJIZ JOJ SOTASTIRIS 0T39YquAs  (G)

‘pajedundy sJo gL o3 Tenbe
JO UBY] SS3T SMOTJ @ATJ {pJodod 238TdWOOUT JOJ SOT3STIES aJe S§07118T21B38 pPaisnfpy (§)

‘PJODSJ MOTJ 0JSZ~UOU JOJ BJEB §OTJS]IBIS {EPJU0daJd OTJBWSIEAS U] §0J9Z AUBW suteguo)y (€)

*Lebl = MOTJ TEOTJO3ISTY {gl-9L6( = pojJad TEOTJOISTH (2)

*GE6L pue Lg6L = SMOTJ TeOTJOISTY $LL-9L6L poyudad TEOTJOISTH (|)

BIUJOJTITED
60°0- Gnple°L 0659°2 £l vamwo— ‘OTPUI 1B JBATY JOIEMIITUM 00£65201

BIUJOJTT®)D
L670- 9952°1 €002 gl h6gL*0  6G62°2 gt Abvm.om ‘qqes88Q Wieqd JEaU XN98uj dsag 00265201
) S X N 3 X H eoay UOT3 8307 *ON a3den
adeuteuq $°0°s*N

EPJOO3Y OTJBWAIEAS SPJ0O3Y
uo paseg pajisnlpy uo paseg

(penuTjuo)) L-V 319V1




w—— ———— S ey e g

W ayyege ©
A}

';’/‘"AF

it

3 b Loy, st
" !(#NAA"}BlH’O‘) N
N .

el

L Yown INH
cLomome g L.
Srsrmvarion |

B 3 . ¥ - 1,
_iyusle ~';u-9~.1, TS

i >




kY ‘ M-v-- fif /I@ /

4.&1. _.Q..

< oy ——" —— Eaia- e s een T Y W T e L — e =y
REPRODUCFD AT GOVERNMENT EXPENSE ;
T dis’ o
116° 30 116° 15 » N
[ .
s o ’ . -
,‘" . \'1 -~
\‘. . .
\ e ' ‘J 5 ' ) ¢
-~ © ediw - * . ) D
\. \ M-‘txr:"l“"‘"“ oo i
.\ﬁ\ - \L-"}/ A ™ =S R
N /x’<f.3-. . \ 2
Ve oL, g
ey - § T . R
l/' L7 sosmoa rh(s' CNATIONAL MON:S”‘.._‘",T ' j-‘i
"G pe 5:1 PN e 14 ot emaeoumo IR h}‘“ ".. g

e v, . : ( * ", e N | 4
¢ s, i e -
R . i i, 7] ~

SRS Ay o LT i

- X . . N ‘A”\ . R \ - . l S e k

a \,; b 1 w ) l, MI.YIO‘,N }“ . B { .
g e 3k 7T WIDE CANYON S T N ey

i | <4< Dan < - {

» - :
a/uonunct'

0 s 0 ] IILE 1
SCALE . Eanat—— RS -
MAGNESIA SPRING CANYON BASIN -
RIVERSICE COUNTY, CALIF, o
GENERAL LOCATION ’

U S ARMY CORPS OF ENGINEERS ...
LOS ANGELES DISTRICT f

: PLATE l







&

:.,_/" " ° . .
%\A\ﬁ,-\ EXISTING WEST MAGNESIA -~
. SPRING CHANNEL .

Lo e .

NN

PPN .o

Al s e aa o s

SCALE 124000

MWW
SO

e v e Ay oo o S e

)

f
{
}
{

A — -~

,' PRI
PO BT S AL I Tt T




- & - - - : - B O .
B e PR AP A N S St a2 —r————
AR AN P A

o A B mprmnucsoA;'G’O\‘/ERWEN?EXPENS}, ?-

\."":,3;~ N “he- 25 ov” N B
]
|
LEGEND
St
: BOUNDARY OF ORAINAGE B
i 1=~ apea
—e{{— BOUNDARY OF DRAINAGE N
SUBAREA :
8 SUBAREA DESIGNATION ]
. ° CONCENTRATION POINT
. @ AND/OR LOCATION NUMBER
wmmnnn EXISTING LEVEE
/ s A LOCATION OF JULY 1979
- : [' _ FLOOD ESTIMATES
/ /- ’\ V\" \“ s “ 7‘ "““i;K{. :‘ vE
o EAST MAGNESIA SPRINC CHANNEL 2 -
PROPOSED BY OTHCRS _ 2t
\ - Ry ’ AN NS
[ 5 B TR R I -
§ ~DEBRIS BASIN SITE |
— '\J” ey . S,
L. PR
~ ”j' R
b o . /_f\ _ - ST \\
SRR e
. / N
i L
. N
~
g
. .
\ \/G.n - \j
) - MNOON [
T Y
R okt J/“/‘f
S ————
§ . ey
- ' g
J . ' »;g(v/ - - Lf\
oot «"30\‘ 25

MAGNESIA SPRING CANYON BASIN
RIVERSIDE COUNTY, CALIF




Pp—— T TTTTTTTTTT Ty Ty wwe A s aa b s e aon o w— -

Y
s

REPRODUCED AT GOVERNMENT FXPENSE

e e

& "6 AN
22 20 18 A N A\ QT2

/A FENG.
e (30 1. 25
\..&}/‘,l‘g-

rACEA o
<N

.18 ) ‘ PR .
K] . > { 3’ \ ,? o ,\‘ “ ‘e . 1 . ’nf"ws

.

Sn e )
./v\‘,'u‘uw gy =

t/,t
v
i ')‘
.9 »

%
S
| 2
Y
»

5
L)
b &
.
}
N
[
i/"
[
I
.
V




N YR WY WS SR WA LB WL Wl Vollf Gl S Wl Sl A S

_— o —— — e marea e

s

REPRODUCED AT GOVERNMENT EXPENSE

m— -

v

PR W A VIR

Padds <
st P

= . =
-y Y

N N D g

) QAT
O L€ M S . \;r Lt N
oy e LR I ol

— P o :b\d‘.\l':\ LT

"-.-" .'- '.._‘ ¥ ."-.\'.. "-_‘.-.' v'-- N '.q..' -.‘.-.'.-.‘.- '.‘."

e R
-

.._‘L..~"\_- PR Sl S A A Sl T




Caln alin s ame omn Sen i e n o

»
Q"Nv‘
+ MECTA MHLS

{EGEND

e | = GOUNDARY FOR WHITEWATER
RIVER BASIN

—— 12 — ISONYETAL LINE IN INCHES

NOTE

MEAN ANN! AL ISOHYETS BASED
ON COMBINED DATA OF 1878 -79 SEASON
TO 1953- 54 (FROM 196/ U.S. ACE.
REPORT) ANC 1935 - 60 (FROM 1973-74
RIVERSIOE CO. FCD REPORT

MAGNESIA SPRING CANYON BASIn
RIVERSIDE COUNTY, CALIF.

MEAN ANNUAL
ISOHYETS

US ARMY CORPS OF EMNGINEERS
LOS ANGELES DISTRICT

PLATE A-3

...:- .“.-'*.."71,'- R .'..\ T R n'_ LT s ‘..-- B KRN

S
3 R R A A B A I VDT, LSRRy




S Mt St Mani Bds Al A e e 78 el a0 e Dl

REPRODUCED AT GOVERNMENT EXPENSE g-

CURVE PRECIPITATION S
NUMBER NAME

SUNNY HILLS RANCH

TOPANGA CANYON RANGER ST

AVALON

SQUIRREL INN

SIERRA MADRE — CARTER

GARRET WINERY

SANTA BARBARA (FIRE STA

INDIO (REVISED 7MART.

[ ' | | | B ! ! oot
‘ APPROXIMATE ; RECORDING GAGE NOT FUNCTIONING

IN ENSITY DURATlON Cl

11
-
{r

“lo N UVIN—

o e ST SRR Sec ROES UMY CKSTANE

|
4

PRECIPITATION IN INCHES PER HOUR

o o ) DUR TION

g Y TR =S} 3G R LR

T 8 | + i - T .

o L[ e i |

- 6 - +-- f y 4+ = . . DY i

_—_— RESSNC) DEPTH-AREA CURVES

S = ——<F—F—T« - + B B

z | o L |

S e s B i

<1 ~N +

- & |

& RRNc T

O Lo .

R R0 3=

o 2 - PR G

W - .' "

SRR %

ul ‘ ) i 1 | ?

> | '

< |ot i | ’ ‘ l . _ ok
5 6 8 10 2 3 « 5 6 8 10 20 30

AREA IN SQUARE MILES

—\




MO ROGUOAOL RO
oo b LA P
Lo N e e e S .

!

T N

v r—r— At

g

g T v —— Y W e W W

REPRODUCED AT GOVERNMENT EXPENSE ?.
_STATION STORM
NUMBER LOCATION DURALON DATE
HR  MIN.
arP98 FULLERTON, CALIF. ﬁ 8 MAR.(4,1941
STATION 7677 TOPANGA CANYON, CALIF. FEB. 20,1941
7P10 | AVALON, CALIF. 3 15 OCT. 21,194l
8612 |SQUIRREL INN, CALIF. | 30 {JuLyis,1922
761338/ SIERRA MADQRE, CALIF. 3 o MAR.3-4,194
_ CUCAMONGA , CALIF. | O [|SEPT29,1946
N 3) -— SANTA BARBARA, CALIF | 10 FEB 4,1958
T 3) 9P13 | INDIO, CALIF. 6 0 |SEPT.24,i939
: — ,
S SROPFRLY o
S R
i 4 1 'v l + e {
t . + ~ f ¢ .4
e e e
JURVES‘ .
% T SUSAVE |
: }-L Kk £ RN osarsTow]
f i —‘-LOS ANGELES | SAN
e BERNARDINO
; ‘ SANTA BARBAR /'2:‘“"&‘. ?r':ym : OVICTORVILLE
R - ———rr——g RRA MA - TER
. ‘ /
2 0 onroend. 4
’ i | . CBERNARQING |
) ‘@‘ ‘ I LOS ANGELES -N_ /oriveRsine
; )
= o . ONG BEAC OFULLERTO! npie
3{ P { . ! tONG BEA S:tTA‘A : 2.°
A A UNNY HILLS RANCH - ANGE ) RIVERS IDE
a4 6 8 10
CURS SAN NICOLAS | TN - .
SAN NICOLA Noduaen. —
r e . I — SANTA CATALINA |,
i i Q ! i
' - N f*Jl SAN
R I I ] %N CLEMENTE 1. D'EGO
‘ ; SAN DIEGO
P VICINITY MAP
. ) ! 20 0_ 20 40 80
; ‘ @j SCALE T[EE == MILES
o ' ! DRAINAGE AREA
bl o b } ™~
N . \“"*r.._ ; ' 4‘
e '(g‘)\*-\ ? | ‘ MAGNESIA SPRING CANYOR SASIN
L \'\‘\‘*-/ P © 1 RIVERSIDE COUNTY, CALIF.
> - 6 N
. Co ' %)1 INTENSITY-DURATION AND
) ! DEPTH-AREA RELATIONSHIPS
| o J LOCAL STORMS IN
S BN \ [ SOUTHERN CALIFORNIA
10 %0 € 80 100 200 300 400 U S ARMY CORPS OF ENGINEERS
5 LOS ANGELES DISTRICT
TO ACCOMPANY REPORT DATED:

PLATE A-4

s




e e e

s

REPRONDUCED AT GOVERNMENT EXPENSE

e Giace
-

I - - ‘N‘
S f#"'l,'"'w.., B
.o N A

< N.

.‘:-‘.'-_— ) ——— L.;"-‘\Iv r-} _4,. -




. AIind et S e Jees

RFPRODUCED AT GOVERNMENT EXPENSE H
- N PR "‘.' - -
e»‘- ‘ _'\!"}/ ‘ N
o Lo g"ﬁ ‘\}\—J\—\
7 ‘~ NS ‘\; A - . AR
. - »~ \N L \ € G . B N l
2 N 5 WOUNTAN® cf“t e e .
- 2 \M‘@m - oS "E'RF"“D'N'O‘ﬁMoumr 4_;/,,,5 -
2 RRLEN : ’ > 8 E : ‘ e
» R \ o AN ; i’;f : g




LEGEND

e | e BOUNDARY FOR WHITEWATER
RIVER BASIN

—— 3 — /SONYETAL LINE IN INCHES

MAGNESIA SPRING CANYON BA&IN
RIVERSIDE COUNTY, CAL/F.

TOTAL STORM ISOHYETS
STORM OF 24 SEPTEMBER 1939

U S ARMY CORPS OF ENGINEERS

LOS ANGELES DISTRICT
TO ACCOMPANY REPORT DATED:

PLATE A-S

[




U.S. ARMY ENGINEER OSTRICT

7
6
5

[72]

w

x

Q

Z

= 4

4

PRECIPITATION
o

/

TIME

4q 6 8
IN HOURS

MAGNESIA SPRING CANYON BASIN
RIVERSIOE COUNTY, CALIF

MASS CURVE
STORM OF 24 SEPTEMBER 1939

U.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

PLATE A-6

4
L
N
R
»
4

e

Y DI NE NS
. LU e

lalh




A (Y i e e D A oty At o T et e o e od B A e et B e e e

p
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CONTRIBUTING EST.
i AREA L Lee H LAG
SQ. MI MILES MILES FT/ML. HOURS
; /. SAN GABRIEL RIVER AT SAN GABDRIEL DAM 162.0 23,2 1.8 350 33
2 WEST FORK SAN GABRIEL RIVER AT COGSWELL DAM 40.4 93 4,2 480 1.6
3.  SANTA ANITA CREEK AT SANTA ANITA DAM 10.8 8.8 2.8 €90 [
4. SAN DIMAS CREEK AT SAN DIMAS DAM 18.2 8.6 4.8 440 5.8
5. EATON WASH AT EATON WASH DAM 95 7.3 4.4 00 .3
6 SAN ANTONIO CREEK NEAR CLAREMONT 16.9 5.9 3.0 (Fellng 1.2
7. SANTA CLARA RIVER NEAR SAUGUS 358.0 36.0 5.8 140 5.6
: & TEMECULA CREEK AT PAUBA CANYON 168.0 26.0 1.3 180 b N 4
8 SANTA MARGARITA RIVER NEAR FALLBROOK €45.0 44.0 22.0 108 7.3
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Magnesia Spring Canyon
Detailed Project Report for Flood Control
Riverside County, California

Appendix B
Hydraulic Design
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I. INTRODUCTION

1.01 General. In order to safely convey the standard project flood (SPF)

through the community of Rancho Mirage, the project would consist of the

following major elements: 1Inlet structure and debris basin; spillway chute

and transition; approximately 5,500 feet of concrete-lined rectangular )
channel; and an outlet energy dissipator. The basis for the design of this

project is founded on approved design practice and on theoretical analyis,

N using applicable criteria set forth in EM 1110-2-1601 Hydrualic Design of {

Flood Control Channels, EM 1110-2-1603 Hydraulic Design of Spillways, and

Hydraulic Design Criteria prepared by the U.S. Army Engineer Waterways

Experiment Station, CE, Vicksburg, Mississippi. )

II. DEBRIS BASIN

2.01 General. Because of the sand producing potential of the San Jacinto y

Mountains, a debris basin would be required at the upstream end of the
concrete-lined channel to insure that the inlet capacity is not reduced due to
sand deposition during the occurrence of a major storm; to minimize the scour '
of the concrete lining by coarse sediments being transported at high
velocities; and to imsure the functional adequacy of the outlet structure.

. The debris basin would consist of a compacted earth embankment, excavated '
basin, inlet structure, intake tower, pool drain, and spillway structure. For

plan and profile details see plate D-1

2.02 Debris Storage. The criteria for determining the debris volume for the

basin is presented in Hydrology Appendix A. Fram past experience, it has been :;ifﬁ

found that the slope of material deposited after a major flood averages about
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one-half of the original natural slope. The capacity of the debris basin
(150,000 cubic yards) was determined by calculating the volume between the
excavated invert of the basin and the deposition slope projected upstream from
the spillway crest at 0.5 of the natural slope. Excavation in the basin is
necessary to provide the required debris volume, and to provide material for
the embankment. In order to reduce the frequency of maintenance, material
brought in by smaller floods could be stored in the basin, provided that not

more than 25 percent of the basin capacity is so utilized.

2.03 Upstream Inlet., A lined inlet structure wouid be provided at the

upstream end of the debris basin. This is required in order to stabilize the
anticipated streambed degradation upstream from the excavated basin.

Specifically, the structure, would stabilize the entire upstream slope face of
the basin inlet (approximatelv 450 feet) with an 18 inch grouted rock cover at

a side slope of 1 vertical on 3 horizontal.

2.04 Spillway and Embankment Elevations. The rectangular spillway would be

located on the embankment and designed as a broad crest weir to pass the
probable maximum flood (PMF) with a peak of Ul , 000 cubic feet per second (cfs).
The spillway crest length of 190 feet and the elevation of 488.0 feet National
Geodetic Vertical Datum (NGVD) were found to be the most feasible as indicated
by studies of the relatiomship of debris storage, embankment height, spillway
crest length, and spillway transition length. The spillway was rated by
assuming critical depth over the crest. Thus, for a discharge of 44,000 cfs,
critical depth would be 11.9 feet and the maximum water surface elevation
would be at 505.8 NGVD. The top of the embankment at the spillway crest would

be at elevation 511.0 feet NGVD prnviding 5.2 feet of freeboard.




2.05 Spillway Structure. The spillway structure would consist of a short

upsi.ream approach channel, a crest section, and a downstream chute. The
approach channel (having an adverse slope of 0.020) would be formed by
extending the spillway walls at a 1:20 wall flare upstream from the crest
section and would intersect with the upstream slope of the embankment. The
chute would extend downstream from the spillway crest to a point about 200
feet (Station 77427.91) downstream from the downstream toe of the embankment
The invert slope fram the crest would be 0.20870 which is connected by a
25-foot vertical curve to the invert slope of 0.04550. In order to clear a
high bluff along the left side, while accommodating an alinement as near to
the natural streambed as possible, it was necessary to shorten the structure
through the use of a divider wall. This would allow the channel widths to
converage at the quicker rate of 1:10 for each wall. The tops of the walls

would be based on the PMF of 44,000 cfs with a minimum freeboard of 2 feet.

2.06 Pool Drain. The pool drain would consist of an intake tower located
upstream of the spillway with the top of that tower 1 foot above the elevati
of the assumed debris level at that point; and a 36-inch, reinforced-concret
pipe (RCP) under the embankment with a slope of 0.05584 and invert elevation
of U77.20 feet NGVD at the tower and U6L.00 feet NGVD at the downstream end
where it would enter a junction structure at Station 79+47.91. The junction
structure would divert flows from the debris basin to a spreading area
approximately 350 feet east of the dam embankment. The drain pipe would
operate under inlet control (not under pressure). As such, its discharge
capacity would range between U0 ofs with the water surface at the soffit of
the intake tower pipe and 120 cfs with the water surface at spillway crest

elevation. The pool would drain within one day.
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2.07 Diversion Drain. Working in conjunction with the pool drain is a

diversion drain. Flows fram the pool drain would enter a junction structure
at Station 79+47.91 from which U drain pipes would exit. Two of the c-ains
would serve to divert no more than a total of 50 cfs to a spreading area east
of the dam embankment. These flows, operating under inlet control, would pass
through a flow restricta and would exit two 36" RP's at an approximate
elevation of U460.0 feet NGVD. Both pipes would be between 300 and 350 feet in
length and would have approximate slopes of 0.0133 to 0.014l4, The exact
location of each terminus will be coordinated with local interests at a later
date. The remaining 2 pipes would be directed back to the right channel
spillway. One of the pipes, a 36" RCP, would serve as the primary drain to
the spillway channel. The second pipe, a 48" RCP, would function as an
emergency drain should the other three pipes become inoperable. Because of
the need for maintenance and emergency shutdowns, both the diversion and
primary drains would be gated. However, under normal operational conditions,

all of the draims would be in the fully opened position.

III. CHANNEL

3.01 General. The channel from the downstream end (station 77+29.91) of the
spillway chute to the beginning of the confluence with stream "A" (station
37+400.00) was designed for the SPF peak discharge of 6,600 cfs. The channel
downstream of the confluence to the end of the project was designed, for 6,800
cfs. Elements pertaining to the hydraulic design of the channel from Station

714+62.09 to Station 16+16.67 are discussed in the following paragraphs.
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3.02 Alinement. The proposed channel would follow generally along the
alinement of the existing channel. It would contain fiwe curves with
deflection angles ranging from 16° 58'23" to 44° 05'23", The radii of the

circular curves would vary from 600 to 900 feet with upstream and downstreanm

spiral transitions.

3.03 Gradient. Invert grades were selected to avoid excessive charnel
excavation and to maintain stable supercritical flow except in the downstream

energy dissipator. The slope of the channel invert would range from a maximum

of 0.04096 to a minumum of 0.02809.

3.04 Cross-section. The channel would be concrete-lined and rectangular in

cross-section with a uniform bottam width of 20 feet. The invert of the

curved reaches would be superelevated.

3.05 Transitions. The transition from the spillway to the channel would be
approximately 565 feet in length and because of the continuance of the divider
wall, have a convergence on each of the 4 walls of 1 foot in 10 feet. There
would be a 267-foot transition at the downstream end of the concrete channel

with the base width diverging 1 foot in 20 feet.

3.06 Side Drainage. There are two subareas that contribute major side inflow

to the channel. Both enter from the left side. Stream "A" would contribute
500 cfs between Station 36+60.00 and Station 37+60.00. Its flows would be
introduced to the channel via a 100 foot wide side overflow spillway. Stream
"B" would contribute 300 cfs betwee Station 66+35 and Station 67+50. Its

flows are slightly less concentrated and would be introduced to the channel

via a 115 foot wide side overflow spillway.

B-5
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3.07 Water-Surface Computations. The water-surface profile for the design

discharges was determined by the reach method based on the Manning's formula.
A Manning's roughness coefficient,"n™ of 0.014 was used for the design of the
channel while 0.012 was used for velocity consideration. The "n" values used

and the equivalent "K" values based on plate 4 of EM 1110-2-1601 are shown in

the following tabulation:

Design Item R K n
(ft.)
Discharg capacity 5.61 0.00330 0.014
4,25 0.00370 0.014
Maximum velocity 5.12 0.00068 0.012
4,05 0. 00075 0.012

For n=0.014, depths of flow (including entrained air) and velocities would
range between 7.4 and 12.8 feet and between 25.7 and 51.7 fps respectively.
Far n=z0.012, depths and velocities would range between 6.8 and 10.5 feet and
between 31.5 and 57.3 fps respectively. Air entraimment was considered as
being additive to nonaerated flow depths. For the project, this increase
ranged from 0.16 feet to 0.85 feet. These increments were determined using

the design curve far air entraimment on page IIT-UT of EM 1110-2-1601,

3.08 Superelevation. Superelevation of the transverse water surface was

computed for the two ranges of "n" values and, when added to the corresponding
water depth, it was found that the design based on "n" = 0,014 should be used
in the curved reaches. For the fiwe curve locations, superelevation ( Y)

would range from 0.83 to 0.97 feet. And, since 2 Y was greater than 0.5 feet,

the channel inverts at these locations were also banked.
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3.09 Bridges. There is only one bridge in the project reach. It is at Route
111, Design consideratiomns were required because of constraints introduced by v
the invert grade slope, the center pier and its footing elevation. The

channel design through the bridge was based on the Kock-Cartanjen mamentum

equation 16, EM 1110-2-1601. In the design, the concrete circular row of '
piers were converted to that of a single concrete diaphram and an upstream
rounded sloping pier nose extension attached. Two foot of additional blockage

(due to potential debris) was assumed on each side of the pier.

3.10 Freeboard. The minimum freeboard would be 2 feet for the rectangular )
channel. Bank protection for the Whitewater River in the vicinity of the - J
{

confluence would have a minimum freeboard of 2.5 feet.
IV. DOWNSTREAM ENERGY DISSIPAT (R

4,01 General. The outlet energy dissipator's primary function is to reduce
the incoming high velocity flows down to a rate at which a hydraulic jump
would be forced in the transition. A backwater condition would begin with .-.‘
critical control at the downstream end. Further, a hydraulic jump was also | ‘
investigated for coincidental flows occurring on the Whitewater River. The
outlet energy dissipating structure would consist of the following features:
(a) a rectangular channel transistion from a 20-foot base width at Station
16+16 .67 to a 46.67 foot base width at Station 14+00.00, (b) a reach of
rectangular channel with a base width of 46.67 feet from Station 14+00.00 to
Station 11+50.00 (downstream end), (c) velocity reduction impact blocks
ranging in size from 1' wide by 1' high to 3'wide by 3' high between Stations
16+00.00 and 13+50.00 and, (d) a higher backwater inducing group of 3'wide by
4* high impact blocks between Stations 13450.00 and 11450.00. For details of

shape, spacing, number of rows and location of baffle blocks see plate D5.
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4,02 Block Sizing. The analysis for the energy dissipator was based on a

design that was patterned after that used in the Los Angeles District Corps of
i Engineer Design Memorandum No. 4 for Santa Paula Channel dated March 1972,
Using the design relatiomship of "n" value and corresponding block size
determined for the Santa Paula Creek Channel design, the same relationship was
also incarporated into this design. However, at the upstream end where the 2'
wide by 2' high blocks were initially used, incomplete submergence would
generate excessive splash and turbulence. This necessitated that these blocks
be redesigned in this area. Consequent'y, using a Froude number and block
height relatiorship developed again fram the Santa Paula Channel design, 1'
wide by 1' high "A" type blocks were found to function adequately. Final

block size and corresponding "n" values used in this design were as follows:

Location Block Type Block Size n
(Stationing, ft.) (width x height, ft.)
16400.00 to 14400,00 A 1x1 0.022
14+00.00 to 13+50.00 B 3x%3 0.035
13450.00 to 11450.00 c 3Ixh 0.045

.
. .
PSP UP I I S

4,03 Block Arrangement. The blocks were arranged in a pattern recammended in

the Santa Paula Channel design. This pattern would enhance their function as 11
impact devices instead of as a roughness element.
4,04 Water Surface Computations. Water surface profiles were computed for p )
the energy dissipator using the "n" values cited above in Paragraph 4.02 for \
two different inflow conditions; (1) transitions from 20 foot wide channel ‘
with n=0.014 and (2).transit.ion from 20 foot wide channel with n=0.012. 1In ! 8

B-8

..............
..............




p——— AP Y

addition, a water surface profile was developed for a smaller discharge.

Under all cited conditions a hydraulic jump would be induced within the outlet
structure, and critical depth control would be maintained at the downstream
end. However, for maja coincidental flows at the confluence, the Whitewater
River would generate a backwater condition on Magnesia Springs which would
override the critical depth control at the end sill and drown out the effects
of the hydraulic jump in the stilling basin. Finally, since the combination
of the coincidental discharges would never exceed the Whitewater River SPF
peak discharge of 78,000 ¢fs, the Whitewater SPF was used as the controlling
flood in governing the height of the outlet channel. Plate D-4 illustrates
the water surface profile for the West Magnesia Springs SPF discharge of 6,800

cfs as controlled by critical depth at the end sill.

V. WEST MAGNESIA SPRINGS - WHITEWATER RIVER CONFLIENCE

5.01 General. In order to maintain functional intergrity of the outlet
structure from flows in the Whitewater River and minimize damages to the
Whitewater River banks because of existing West Magnesia Springs flows, bank

stabilization was required in this area.

5.02 Bank Stabilization Sizing. Bank stabilization was designed following

criteria set forth in the 14 May 1971 ETL 1110-2-120; "Additional Guidance for

Riprap Channel Protection.” 1 vertical on 3 horizontal slope protection was

designed to withstand a maximum channel flow velocity of 17 fps.

5.03 Scouwr and Wave Action Considerations. Toes of the bank protection were

k
BERRN
extended 10 feet below matural invert grade to safeguard against the threat of j"_.-‘:fi"::

excessive streambed degradation. However, this was further increased by 't',‘-'_:'.r-;
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10 feet for a reach of bank immediately opposite the outlet structure where
additional scour could be anticipated. Finally, the bank protection was
extended far enough downstream on both sides to account for any potentially

damaging wave actions, generated by the confluence, to dampen out.

!
A
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GEOLOGY, SOILS AND MATERIALS '

RANCHO MIRAGE
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h INTRODUCTION

1. Purpose and Scope. Geotechnical investigations were conducted to

; . determine the extent, distribution and physical properties of the rock and

k: soils at the site of the proposed debris basin and channel, and to obtain
detailed information on the foundation, construction materials and ground-
water conditions. This appendix describes the geotechnical investigations,
testing, seismicity, foundation conditions, methods of analysis, design
values, foundation treatments, embankment and channel design, and construction

procedures.

2. Description of Project Features. The proposed flood control improvements

at Magnesia Spring Canyon at Rancho Mirage, California consist of a debris
basin and a channel. The debris basin embankment would be a compacted, .
homogeneous earthfill structure, approximately 35 feet high and 750 feet long.

A concrete—-lined broad-crested spillway capable of discharging a maximum

probable flood would be built on the embankment. An access road would be
provided to the top of the embankment and to the basin area for inspection and
maintenance purposes. A grouted stone inlet structure would be constructed at
the upstream end of the excavated deb- s basin, approximately‘600 feet from
the embankment centerline. The outlet channel would be designed to convey the
standard project floodwaters to the Whitewater River, a distance of
approximately l.4 miles. The channel would be an entrenched concrete-lined S }

rectangular section, 20 feet wide and typically 8 to 10 feet deep. L

C-1
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%j 3. Regional Topography and Geology. Magnesia Spring Canyon is located on the - ;
northeast side of the Santa Rosa Mountains, see plate C-1. The Santa Rosa

- Mountains in conjunction with the San Jacinto Mountains form the eastern-most

portion of the north-northwest trending Peninsular Ranges. The San Jacinto ,.:E
Mountains, which are separated from the Santa Rosa Mountains by the north-
northeast trending Palm Canyon fault, see plate C~2, comprise a late ]
Cretaceous granitic terrain reaching an elevation of 10,805 feet at the summit -- - s
of San Jacinto Peak. The Santa Rosa Mountains, to the southeast of the San
Jacinto Mountains, reach a maximum elevation of 8,716 feet at the summit of
Toro Peak. These mountains are granitics (primarily granodiorites and quartz r :
monzonites) of probable late Cretaceous age that had intruded shallow water

pre-Cretaceous marine sediments which were metamorphosed into the Palm Canyon

Complex. ——

The metasediments of the Palm Canyon Complex, designated as “ms” on plate
C-3, consist primarily of crystalline limestones, marbles, quartzites and mica

schists which have been intruded by dioritic and granitic material and - 1

injected by pegmatite and primary quartz dikes both parallel and transverse to
original bedding. Miller (1944) has described extensive intrusions and
localized partial melting by acidic magmas of the metadiorites, biotitic _ - “

quartzites and schists which have produced sills of banded gneisses.

To the east of the steep eastern face of the San Jacinto-Santa Rosa
Mountatans 1s the pronounced topographic low of the Coachella Valley which
reaches minus 235 feet at the Salton Sea. The Coachella Valley is an
elongated, fault controlled structural basin presently undergoing east-west

extension. It is the northwest extremity of the Salton Trough of the Gulf of

Cc-2




. e e AT PR i U el Beg aun Smme st o DA A A A i et At B ARt It Rt Ty R A

California. Alluvium within the valley ranges from semi-consolidated to
unconsolidated silts, sands and gravels reaching a depth of 12,000 feet near i
the San Andreas fault zone on the eastern gside of the valley. The major

drainage through the valley is the southeast flowing intermittant Whitewater RO

River which terminates in the Salton Sea sink.

Regional structure of the area is controlled by the active San Andreas and

San Jacinto fault systems. The San Andreas fault zone forms the boundary ;
between the Little San Bernardino Mountains of the Transverse Ranges to the
northeast and the Coachella Valley. The San Jacinto fault zone forms the
boundary along the western portion of the San Jacinto-Santa Rosa Mountains.
Both of these zones trend roughly parallel to each other in a northwest-
southeast direction. Most of the smaller faults, such as the Toro Canyon and

Oasis faults, parallel major fault trends. —— i nd

4. Local Topography and Geology. The proposed debris basin is located across

the head of the Magnesia Spring Canyon alluvial fan, approximately 0.6 miles

upstream from the edge of the residential community of Rancho Mirage. The
gradient of the fan surface in this reach is 3 percent. At the debris basin i¢f'i

site the fan is somewhat constricted by bedrock outcrops and is only 550 feet

wide. Just downstream from the proposed alinement, it fans out rapidly to a

PO PO PR LI

width of one mile through the community of Rancho Mirage. Upstream, the

Sl
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canyon is very narrow where Magnesia Spring issues from the precipitous SR

-a

metasedimentary basement rocks of the Palm Canyon Complex. Within the site
area, this formation consists largely of interbedded schists, gneisses, RO
limestones and marbles which have been injected by relatively thin quartz s N

veins parallel to bedding. Schistosity parallels bedding.
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Three Quaternary deposits were recognized and mapped at the site: 1) Qt,
older terrace deposits which represent relict fan surfaces from Magnesia
Spring Canyon; 2) Qf/Qcl, undifferentiated slope wash and tributary alluvial
: fan deposits; and 3) Qal, recent channel deposits on the active Magnesia
Spring Canyon alluvial fan. The site geology map and specific unit
' descriptions are shown on plate C-4. 1In addition to the unconsolidated to
semiconsolidatec recent sediments and the basement rocks, remnants of older

fan surfaces exist on both sides of the canyon. The older fan terraces

consist of crudely layered, unconsolidated gravelly sands and sands with
occasional cobbles and small boulders. Alluvial fans have also developed on
small tributary drainages to Magnesia Spring Canyon. The tributary alluvial
fans are more poorly layered and sorted than the terrace material, with

boulders to 4~foot maximum diameter.

5. Groundwater. The Coachella Valley groundwater basin is divided into four

subbasins and four subareas. Magnesia Spring Canyon is within the Thermal

Subarea of the Indio Subbasin which is bounded on the northeast by the San
Andreas and related faults and on the southwest by the Santa Rosa and San
Jacinto Mountains. The overall groundwater gradient is to the southeast
towards the Salton Sea., Both surface runoff and semi-perched groundwater
discharge into the Salton Sea while groundwater moves beneath the sea through - Vhr
deeper aquifers which extend farther to the southeast. The Palm Springs
Subarea to the northwest provides most of the recharge to the basin. The
relatively coarse material in the alluvial fans at the base of the Santa Rosa

Mountains, such as at Rancho Mirage, also act as small recharge areas.




The Coachella Valley Water District is responsible for monitoring water
levels within the Rancho Mirage area. All of the wells monitored are located
at least 2.5 miles north of the site. Well measurements taken in October,
1980 from well number T58 RS5E 13A1 show groundwater levels averaging 170 feet
beneath the ground surface. Overall trends since 1970 indicate the
groundwater table is dropping on the average of 1 to 4 feet per year,

indicating withdrawal in excess of recharge in this area.

One quarter mile upstream from the proposed embankment, water from the
perennial Magnesia Spring sinks rapidly into the coarse channel sands almost
as soon as it leaves the bedrock at the canyon head. It apparently then
c.osely follows the bedrock/alluvium contact at depth. Groundwater was not
encountered during explorations along the proposed embankment alignment, Test
pits 80-1, 80-3 and 80-4 were 20 feet deep and extended down to elevation
450, Drill hole D-2 at the left abutment was rotary drilled to bedrock
(elevation 430.4) without any indications of groundwater even though
refractive seismic line 80-5 had previously indicated the possibility of
groundwater at a depth of approximately 20 feet (elevation 458t). Other than
in refractive seismic survey line 80-5 and line 80-1 (1000 feet upstream from
the alignment), velocities indicative of saturated alluvium (approximately
5000 fps) were not detected during the geophysical investigations. However, a
thin saturated zone on top of the high velocity bedrock would be difficult to
detect. Furthermore, incompletely saturated but wet sands will not generate
velocities indicative of groundwater., Nonetheless, it is believed that other
than during periods of high runoff from the canyons upstream, groundwater will

not be encountered during shallow construction excavations.

c-5

- .-' “' B '-' ‘-' '-' ‘-' ..' -~ : P --A .-_ .-' v-_ ’-' - - - - . R - - - . . . - . - . . . - - - - - " .” . < ;' - '.-.'
ot fe Te Te e e Taate e et e Tt e e e N Lt ‘u . e ~av B . - PR . - - . . . . o« % . - "m ote o'
Sl el ettt timsrtlmectimsitietinetlsntosniitninni ettty i tonnthenstinninstnintivativetutiotitiutiutuintbuedessfocfosiio

2




SEISMICITY

6. Reglonal Seismicity. The site for the debris basin is located in a highly
selsmic region dominated by activity along the San Andreas and San Jacinto
fault zones, located 8 and 16 miles, respectively, from the site. Major
faults and fault zones within a 100-mile radius of the site are presented on
plate C-4 along with locations of earthquake epicenters of Magnitude 4+ that
have occurred in the years 1932 to 1979. The magnitude of the maximum
credible earthquake and maximum bedrock acceleration at the site, fault length

and closest distance to the site for the major faults are listed in TABLE C-~1,

Since 1932, when instrumented records of earthquakes in Southern
California began, a total of eight Magnitude 6+ events have occurred within
100 miles of the project site. These events, along with the 1918 San Jacinto

earthquake are listed in TABLE C-2. All of these, except the 1933 and 1947

events, are earthquakes related to movements on either the San Andreas or San

Jacinto faults. In addition, the historic San Jacinto earthquake of 21 April
1918 was centered approximately 29 miles from the site. The estimated . e
magnitude of this event was 6.8, based upon a reported intensity of IX to X R

(Modified Mercalli Scale) at the town of San Jacinto. Since 1933, 102
earthquakes of magnitude 4.0 or greater have occurred within a 25-mile radius B

of the project site. Ninety-two of these earthquakes were 4.0 to 4.9

L

magnitudes, most of which were clustered in the general vicinity of the San

Andreas and San Jacinto fault zones. Earthquakes of 5.0+ magnitude within 25

',' oo .
A vt
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miles of the site are listed in TABLE C-13.
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7. Site Seismicity. The Oasis, Toro Canyon and Palm Canyon faults, as well

E as numerous small faults, lie within 10 miles of the debris basin site. From

E aerial photographs, these faults appear to lie entirely within the pre-
: Cretaceous metasediments. The unnamed smaller faults lie primarily within {i;:
. )
! bedding planes which indicate they were active during the initial regional

uplift of the Santa Rosa Mountains. The Oasis, Toro Canyon and Palm Canyon

faults appear to have formed in response to the thrusting of the late
t N Cretaceous granites along the Santa Rosa thrust fault, part of which lies '
. approximately 1 mile directly north of the site. In no areas do any of these

faults displace recent deposits and therefore are considered inactive.

In the period of 1933 to 1979 there have been 18 earthquakes with

epicenters within 10 miles of the debris basin., The magnitudes range from 2.0

to 4.0 with four falling within the 3.5 to 4.0 magnitude range. None of the A
epicenters can be correlated to any specific active fault and the ground
motions associated with them are smaller and of a shorter duration than

motions that would be generated by possible large events several miles away. - e

8. Fault Hazards. None of these faults lie within the immediate vicinity of

the debris basin alignment and therefore do not pose a seismic hazard.

9. Design Earthquake. The San Andreas fault, located 8 miles north of the

site, is capable of producing a design base earthquake of magnitude 8.5. A
rock acceleration of approximately 0.55g can be expected at the site from such
. an event. A recurrence interval for a major earthquake along the segment of

the San Andreas fault nearest the site is estimated to be from 25 to 160

years.




10. Seismic and Flood Risk. The probability of an earthquake and flood

storage occurring simultaneously during the lifetime of an embankment depends
upon the return periods (frequency of occurrence) of the earthquake and the
flood, the duration of the floodwater storage, and the design life of the
embankment. Combined risk in this report is defined as the probability of the
| simultaneous occurrence of an earthquake and flood storage at least once
during the lifetime of the embankment. The following equation(l) was used to

compute the combined risk for such an event:

Combined Risk = 1= 1- 1 1-qa-_1 ) K
Ty 52T,
where:
T{ = Annual return period of an earthquake exceeding magnitude i
Tj = Annual return period of a flood exceeding storage level j
n = Duration of floodwater stourage in weeks
K = Design lifetime of a dam.

A design 1life of 100 years was assumed for the embankment. The duration
of floodwater storage was basca on informatico developed by Hydrology and
dydraulics Branch which is iess than oac day for all floods. 1In order to

nresent comparative levels of risk, return periods of 295 and 150 years,

A

corresponding to magnitude 6 and 8.9 earthquakes, respectively, were used to -

compute combined risks. The results are summarized in TABLE C-4.
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TABLE C-1

MAJOR FAULTS WITHIN A 100-MILE

RADIUS OF THE STUDY AREA

Distance Max imum

from Fault Credible Maximum Site

site length Earthquake Accelerations
Fault (miles) (miles) (Magnitude) in Bedrock (g)*

-
Agua Caliente 32 50 7.25 0.13
Calico-Newberry 56 50 7.25 0.08
Helendale 30 60 7.5 0.17
Laguna-Salada 64 55 7.25 0.07
Lenwood 41 60 7.25 0.10
Malibu Coast 64 100 7.5 0.10
Newport-Inglewood 72 120 7.5 0.10
Palos Verdes 88 65 7.0 0.04
San Andreas 8 700 8.5 0.55
San Gabriel 79 70 7.5 0.07 C ]
San Jacinto 16 170 7.5 0.27 ;fi'¥
Sierra Madre- )
L} Cucamonga 90 75 7.0 0.02 - 1

Whittier-Elsinore 40 140 7.5 0.12

*After Schnabel and Seed, 1972
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Date

21 Apr. 1918

11 Mar.
25 Mar.
19 May
21 Oct.
10 Apr.
4 Dec.
19 Mar.

9 Apr.

*From Project Site

1933

1937

1940

1942

1947

1948

1954

1968

TABLE C-2

EARTHQUAKE EPICENTERS WITHIN

100~-MILE RADIUS OF THE SITE

WITH MAGNITUDES 6.0 OR GREATER

Longitude Latitude Distance*

(deg) (deg) (miles) Magnitude
116.9 33.7 29.0 IX-X**
118.0 33.6 88.7 6.3
116.3 33.4 24.2 6.0
115.5 32.7 87.4 6.7
116.0 33.0 58.3 6.5
115.6 35.0 86.9 6.2
116.4 34.0 14.3 6.5
1156.2 33.3 34.0 6.2
116.1 33.2 41.2 6.4

**Modified Mercalli Scale
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Intensity at epicenter
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S TABLE C-3

r.J EARTHQUAKE EPICENTERS WITHIN

P 25-MILE RADIUS OF THE SITE

WITH MAGNITUDES 5.0 OR GREATER

Longitude Latitude Distance*
Date (deg) (deg) (miles) Magnitude
25 Mar. 1937 116.3 33.4 24,2 6.0
18 May 1940 116.3 34,1 23.9 5.2
18 May 1940 116.3 34.1 23.9 5.0
12 Jun. 1944 116.7 34.0 23.9 5.1
12 Jun. 1944 116.7 34.0 24.5 5.3
24 Jul. 1947 116.5 34.0 20.2 5.5 )
25 Jul. 1947 116.5 34.0 20.2 5.0
25 Jul. 1947 116.5 34.0 20.2 5.2
26 Jul. 1947 116.5 34.0 20.2 5.1
4 Dec. 1948 116.4 33.9 14.3 6.5

*From Project Site
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TABLE C-4

COMBINED RISK OF SIMULTANEOUS OCCURRENCE

OF FLOOD STORAGE AND EARTHQUAKES

f,,,ﬁ‘r.,_,___
H =

Flood Duration Earthquake Assumed
return of return combined
period, T. storage, n period, T, risk per
(years) (wggks\ (zears) 100 vears
10 0.0%4 25 1.83 x 1074
Vo 50 0.036 25 5.50 x 1077
100 0.048 25 3.66 x 1070
{ 200 0.060 25 2.29 x 107°
e 500 0.071 25 1.10 x 1079
b
10 0.024 150 3.05 x 107°
50 0.036 150 9.16 x 1072
100 0.048 150 6.11 x 1078
200 0.060 150 3.82 x 1076
500 0.071 150 1.83 x 1076

c-12
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FIELD INVESTIGATIONS 0N

[
[
)
F 11. General. Field investigations were conducted from September through

- December 1980 and in June 1981 at the site of the debris basin, along the

alignment of the channel and at potential borrow areas to determine the design

and cost data for constructing the proposed structures. The field '-'
investigations consisted of geological reconnaissance and mapping, refractive

< seismic surveys, auger and diamond-core drilling with water pressure testing, .
excavating trenches and pits with a Gradall and backhoe, and conducting in-
place density and permeability tests.
12, PFoundation and Borrow Areas. Geologic mapping of the proposed embankment :fgf
foundation and borrow areas was conducted using 1:2400 aerial photographs in ii{%;
conjunction with site reconnaissance and investigations. The subsurface %E%ia
investigations at the proposed foundation and upstream borrow areas consisted ii?f
of excavating 17 test trenches and test pits with a G-660 Gradall and a Case 5?5%

backhoe, drilling 2 NW size diamond-core holes in bedrock with a model B-53

Mobil drill, drilling 1 auger hole to bedrock, and conducting 8 refractive
seismic surveys. The trenches were excavated to a maximum depth of 20 feet,
were visually examined and disturbed samples of representative materials were
(® obtained for laboratory testing. Seventeen in-situ density tests were
conducted in the excavated trenches by the sand cone method, ASTM D 1556,
along with 9 constant head and 5 falling head field permeability tests. The
locations of the drill holes, geologic test trenches and refractive seismic
survey lines are shown on plate C-5. The locations of the test trenches and

test pits in the foundation and borrow areas are shown on plate C-10.
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13. Channel Alignment., The subsurface investigations along the alignment of

the proposed channel improvements consisted of excavating 10 test trenches to
a maximum depth of 15 feet with a Gradall. The trenches were visually
examined and disturbed samples of representative materials were obtained for
laboratory testing. Four in-situ density tests were conducted in the trenches
by the sand cone method. The locations of the test trenches along the

alignment of the channel are shown on plates C-13 and C-1l4.

FIELD TESTS AND RESULTS

14. Density Tests. The 21 in-situ sand cone density tests, ASTM D 1556, are

in general accordance with EM 1110-2-1907, "Soil Sampling"”, dated 31 March
1972, A summary of the results of density tests in the foundation and borrow

materials, showing dry density versus depth, is presented on plate C-15.

15. Permeability Tests. Permeability tests were conducted on insitu

foundation and borrow materials at depths ranging from 5 to 15 feet. The
procedure used was in accordance with the requirements of Test Method E-18 of

the Earth Manual.(b)

A 5-inch inside diameter pipe was pushed into the soil

approximately 6 inches and filled with water until the materials immediately

beneath the pipe were judged to be saturated. Constant head tests were

conducted by maintaining the water level inside the pipe at approximately a 2 -
foot height for 3 to 5 minutes and recording the weight of water used to

maintain that level. Falling head tests were conducted by recording the time

required for the water level inside the pipe to drop from one height to

another. Constant head teats indicated permeability values (K), ranging from

C-14
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21 to 77 feet per day. The results of the falling head tests on the same

types of materials were more variable, indicating permeability values (K),

ranging from 31 to 223 feet per day.

16. Refractive Seismic Surveys. Refractive seismic surveys were conducted at

the eight locationss shown on plate C~5 to determine the depth to bedrock and
subsurface P~wave velocities along the proposed embankment alignment and in
the reservoir area. A twelve-channel signal enhancement seismograph was used,
with both explosive charges and a sledge hammer to generate P-waves. The
seismic survey lines ranged in length from 99 to 330 feet. Time-distance
curves and profiles obtained from the interpretation of the data from these

surveys are shown on plates C-6 and C-7.

LABORATORY TESTS AND RESULTS

17. Test Methods.

a. District Laboratory. Grain size analysis tests were conducted at the

Los Angeles District laboratory in accordance with EM 1110-2-1906, "Laboratory
Soils Testing”, dated 30 November 1970. The soils were classified in
accordance with the Unified Soil Classification System. Compaction studies
and relative density tests were conducted on representative samples of
potential embankment and foundation materials in accordance with ASTM test

methods D 698 and D 2049,

b. Division Laboratory. Grain size analysis, specific gravity,

consolidated undrained triaxial compression with pore pressure measurements,

consolidation and permeability tests were conducted on selected samples of

c-15
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remolded embankment and foundation materials at the South Pacific Division

laboratory in accordance with EM 1110-2-1906,

18. Test Results. The results of grain size analysis and classification
tests on the excavated materials are shown in the soil logs of test pits and
test trenches on plates C-11 through C-14. Summaries of grain size analysis
tests, showing upper and lower limits, upper and lower quartiles and mean
values, are shown on plate C-15 for materials excavated from the embankment
foundation, borrow and channel foundation areas. Also summarized on plate
C-15 are results of compaction studies, relative density, drained-consolidated
shear strength, undrained-consolidated shear strength and permeability

tests. The Mohr's circles representing drained-consolidated shear strengths
were derived from pore pressure measurements on the undrained-consolidated
triaxial compression tests. Pertinent data on the size of samples,
gradations, moisture contents, molding densities, pressures, etc. are shown in

Attachment C-1.

ANALYSIS OF DATA

19. Embankment Foundation. The proposed embankment alignment is located

across the mouth of Magnesia Spring Canyon where the canyon is approximately . {
550 feet wide. Interpretation of P-wave velocity data from refractive seismic
surveys near the proposed alinement, lines 80-1 through 80-6, indicate that
the alluvium in the canyon bottom is composed of at least three layers. The
first is a thin, low velocity surface layer representing unconsolidated recent
deposits. An intermediate layer is indicated by slightly higher P-wave

velocities, 1,400 to 2,200 fps, at depths of 5 to 20 feet. A third layer is

C-16




indicated by two higher ranges of P-wave velocities, 2,750 to 4,100 fps at
depths from 12 to 20 feet, and 4,600 to 4,900 fps at depths from 16 to 40
feet. The P-wave velocities recorded in the third layer are indicative of
moderately consolidated valley fill alluvium, older fan deposits or saturated
alluvium. However, groundwater was not encountered during trenching or
drilling. Moderately weathered metamorphic basement rocks, at computed depths
of 105 to 120 feet, are indicated by P-wave velocities averaging between
12,000 and 15,000 fps measured in the bottom layer. Bedrock was encountered
at a depth of 45.8 feet in drill hole D-2, located approximately 40 feet from
rock outcrops near the left abutment., A geologic profile along the proposed

embankment section is shown on plate C-9,.

Data from test pits 80-1 through 80-7 and test trench 80-6, excavated
near the proposed alignment of the embankment, fndicate that the foundation
materials are predominantly non—-plastic coarse sands, sandy gravels and silty
sands with generally less than 10 percent cobbles and boulders up to 20 inches

in diameter and less than 6 percent by weight passing the No. 200 sieve. The

in-situ dry densities of 15 tests in the foundation materials, as determined
by the standard sand displacement method, ranged from 86.4 to 132,3 pcf as

shown on plate C-15. Discounting the one low test, where a test procedure is
likely in error, and the two high tests, which were taken in terrace deposits
near the right abutment, the densities of the remaining 12 tests ranged from S
1007 to 111.2 pcf with an average value of 106.6 pcf. This corresponds to a

range of 87.6 to 96.7 percent of maximum density, as determined by ASTM test

method D 698, with an average value of 92.7 percent. If the average maximum

density of the vibrated tests (ASTM D 2049) is used as the base of comparison, '

the in-situ dry densities ranged from 78.8 to 87.0 percent of maximum density,
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with an average value of 83.4 percent. The corresponding relative density
values indicated by these tests are meaningless since the test procedure used
to establish minimum densities was apparently in error and produced an average
minimum density of 108.0 pcf. For the depth to which in-situ density tests
were taken, no significant change in density with depth is indicated. The
permeability values indicated by field tests ranged from 21 to 223 fpd with an

average value of 76 fpd.

20, Left Abutment., The left abutment i1s composed of gently dipping —

metasediments and small intrusive granitic bodies of the Palm Canyon

Complex. The bedding of the metasediments dip generally downstream to the
northeast and into the abutment. Three test trenches were excavated with a
backhoe at the toe of the left abutment to trace the bedrock surface below the
alluvium. These trenches, along with seismic surveys and drilling
investigations, indicate that the bedrock surface slopes steeply downward
beneath the channel alluvium. The degree of surface weathering varies,
depending on the composition of the individual rock layers. Harder quartz
veins and marble strata are only slightly weathered whereas thin.schistose
zones are moderately weathered. Treatment of foundation rock in the abutment
would be minimal since there would be no long term water retention behind the

debris basin. Slope wash colluvium and residual soil are present on the

1L )

surface and are generally less than one foot thick on the left abutment. Some
scaling to slope back near-vertical outcrops and dental excavation of the more
weathered rock would be required at the embankment—abutment contact. The
surface rocks are not extensively jointed or fractured. Although core
recovery in hole D-3, which was drilled through representative rock

immediately downstream of the centerline of the left abutment, was only 88,2

Cc-18




percent and the Rock Quality Designation was 22 percent (see legend on plate
C-8), pressure test data indicate a low rock mass permeability. The only
water take in D-3 was 1.0 to 1.4 gpm at 10 psi in the 8.1 to 15.6 feet
interval which indicates a mass permeability of 0.6 fpd. The log of D-3 is
shown on plate C-8. Location of test trenches at the left abutment are shown
on plate C-5 and profiles of the trenches are shown on plate C-9. This
abutment would be unsuitable for an unlined, detached spillway site because of

! - the unfavorable topography and the large amount of required excavation.

2l. Right Abutment. The hills forming the area immediately above the right

abutment are composed of rock from the same Palm Canyon Complex present on the

T

! left abutment of the debris basin. The attitude of the bedding and foliation
strikes to the northwest and dips downstream and into the abutment. Bedrock

does not outcrop at the elevation of the top of the proposed embankment, but

MEFEEE '\ S BT Y

is covered by older terrace deposits. The terrace deposits are composed of
E sands, gravel and cobbles which are loose at the surface even though the
é slopes are near vertical in the main channel. Refractive seismic survey lines
. 80-7 and 80-8, conducted on the terrace, show seismic P~wave velocities

. ranging from 1,050 to 2,300 fps to a depth of at least 40 feet and indicate a

t steeply dipping bedrock surface at the south end of line 80-7,

Test Trench 80-D was excavated by backhoe near the upstream portion of

the right abutment (see pl. C-5) to establish the depth of bedrock beneath the

rock-alluvium contact at the toe of the slope and to visually inspect the

exposed rock. The cross-section of the trench is shown on plate C-9,

Excavation was along the small, relatively blunt nose forming the northern

most extension of the rock outcrop in this area. Because of the near vertical .
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slope and the south-southwest strike of the bedrock into the hill on both
sides of the blunt tip, the contact could not be followed away from the
channel. The rock in the near vertical face of the northern most exposure
continues to a depth of 20 feet (elev. 504 feet) below the ground surface
where it forms a nearly level bench which extends outward from the vertical
face approximately 10 feet. At this point the bedrock surface resumes its
downward plunge at an angle of approximately 45° toward D-1, which {t
intersects at 22.1 feet (elev. 477 feet) below the ground surface. An in-
place knob, with a maximum diameter of 6 feet, is attached to the bench. The
subsurface bedrock exposed in the trench was moderately weathered and massive,

exhibiting no major jointing along the face.

Core recovered from D-1, drilled near the right abutment, was highly
fractured, indicating numerous broken zones. However, the water infiltration
rate during pressure testing was very low. Flow rates of 0.5 to l.5 gpm at 5
and 20 psi, respectively, indicate mass permeability values for D-1 ranging
from 0.1 to 0.2 fpd. Core loss in D-1 ranged from 0 to 79 percent for
individual runs. The log of D-1 and pressure test data are shown on plate
C-8. The terrace materials upstream and downstream of the abutment would be

highly erodible to spillway flows should a detached spillway be considered on

this side of Magnesia Spring Canyon. ‘

22. Embankment Materials. Based on field observations and results of

classification, compaction and relative density tests conducted on materials ERXE
representative of potential borrow areas, only one general type of material is j;_;ﬂ

available near the site for use in construction.




Materials suitable for use as an impervious core are not available near

i the site, The closest location known to have relatively impervious materials

i in sufficient quantities is at the Mecca Hills near the Salton Sea,

: approximately 25 miles from Rancho Mirage. These materials, previously tested
at the Division laboratory as part of the investigation for La Quinta Dam, are

highly plastic sandy clays with permeabilities of less than 0.1 fpd.

Do The embankment material would be predominantly non-plastic, noncohesive,
A G

coarse sand with varying amounts of gravel and generally less than 6 percent
by weight passing the No. 200 sieve. Results of tests on materials from the
borrow area near the proposed embankment indicate the following range of
properties:
Maximum dry density: d = 111-127 pef (ASTM D 698)
d = 124-132 pcf (ASTM D 2049)
Optimum moisture content: w = 6-10 percent
Undrained shear strength: P = 21-34°
c=0
Drained shear strength: p'= 37-38°
c'=0
Permeability: K= 21-223 fpd
(®
23. Channel Foundation. Data from test trenches 80~7 through 80-16, ) G
X excavated along the existing alignment of the channel, indicate that the s
27
i‘ channel foundation materials are predominantly non-plastic sands, gravelly o %
:ﬂ sands and silty sands with generally less than 10 percent cobbles up to 12 k?:
E% inches in the least dimension and less than 10 percent by weight passing the

No. 200 sieve. Occasional layers of fine-grained, non-plastic silty sands and

c-21
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sandy silts were encountered, mainly at the downstream end of the channel.

Larger quantities of cobbles and boulders were encountered in test trenches 11
and 12, Bedrock outcrops at Stations 35+00 to 36+50, 55+50, and 61+50 intrude
into the existing channel alignment from the hills on the northwest side of
the channel. The in-situ dry densities of 4 tests in the foundation
materials, as determined by the standard sand displacement method, were all
between 111 and 112 pcf., This corresponds to approximately 97 percent of
maximum density as determined by ASTM test method D 698, and 87 percent of

maximum density as determined by ASTM test method D 2049,

EMBANRKRMENT DESIGN

24, Design Values. The selected design values are based on the results of

detailed laboratory testing conducted on disturbed samples of representative
foundation and borrow materials compacted to 95 percent of maximum density
(ASTM D 698). The 95 percent value was chosen to approximate the insitu
density of the foundation materials and as a conservative assumption of the
expected densities in the compacted embankment materials. The samples
selected for testing are generally representative of the narrow range of
gradations between the upper and lower quartiles shown on plate C-15. The
moisture—density relationships established by compaction studies and in-situ P
foundation tests were used to determine the dry and drained unit weights. The

saturated unit weight was determined by calculating the volume of voids at 95 i{;;}
percent of maximum density and assuming these voids were filled with water. . '
The shear strengths selected are interpretations of the triaxial compression
test data following the guidelines outlined in paragraph 9b of EM 1110-2-1902,
“Stability of Earth and Rock-Fill Dams,” dated 1 April 1970. The coefficient
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of permeability is a conservative selection based on tests of materials i
z compacted to 95 percent of maximum density. The selected design values for ;‘>-~

the foundation and embankment materials, at 95 percent of maximum density, are

shown in TABLE C-5.

] )
s TABLE C~5

EMBAN KMENT AND FOUNDATION DESIGN VALUES

Material Shear Strength Permeability Unit Weight '
—_— wR T
C [} c' o' K m* sat*
(PSF) (DEG) (PSF) (DEG) (FPD) (PCF) (PCF)
Embankment 0 30 0 36 30 120 140 '
Foundation 0 28 0 34 70 105 130

*Based on 95 percent maximum density (D698)

25, Embankment Section. The embankment has a homogeneous section constructed

with materials obtained from the required excavation of the basin and channel
and a 20-foot wide crest with 1V on 3H upstream and downstream slopes. A
zoned dam at this location is impractical because of the high cost of
importing impervious core material, therefore, a 4-inch thick reinforced
concrete slab on the upstream face would extend from the crest of the
embankment to a depth of 10 feet below the excavated toe. It would reduce
seepage through the embankment from impounded water, prevent erosion of the
embanknent materials due to floodflows and off-road vehicles, and allow
accumulated debris in the basin to be excavated without removing embankment
materials. A downstream drainage blanket would be provided to prevent piping

and erosion by collecting through and underseepage. A rock toe section would
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be provided at the downstream toe of the embankment to protect the exit of the
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blanket drain and to prevent access by off-road vehicles. A typical cross

section of the proposed embankment is shown on plate C-1l6.

26. Foundation Treatment. After clearing and grubbing, the embankment

foundation would be excavated to a depth of 10 feet and proof rolled with a -
vibratory roller. The foundation excavation 1s required to remove loose
materials, prevent excessive settlement and to increase the shear strength and
lower the permeability at the base of the embankment. The materials obtained
from the foundation excavation would be stockpiled and used in the embankment

fill.

The residual soils at the embankment contact area on the left abutment
would be removed to bedrock and the bedrock surface cleaned. Some scaling and
dental excavation would be required to slope back rock outcrops so that fill

materials could be placed and compacted next to them.

The near-vertical face of the alluvial terrace that forms the right

abutment would be sloped and stepped back at a 1V on 2H slope to produce a -
suitable surface against which to place and compact embankment fill
materials. The materials obtained from the abutment excavation would be

stockpiled and used in the embankment or as landscape fill material, if

needed.

27. Outlet Works. The intake tower and outlet pipe would be founded on
alluvium and compacted fill., The foundations would be proof rolled with a
vibratory roller as necessary to prevent excessive settlement and any

potential failure of the outlet works structures.

C-24




28. Slope Stability. A computer program for slope stability analysis, using

the circular arc method of slices, was used to determine the locations of

critical failure surfaces for the design conditions listed in Table 1 of EM

1110-2-1902. Design assumptions and results of stability calculations are

presented for each condition in the following paragraphs.

a. End of Construction. The embankment and foundation materials were

analyzed using consolidated-drained strengths since it is improbable that
excessive pore pressure would develop in the embankment or foundation during
construction because of the granular materials, the depth to groundwater and
the limited range of moisture contents to be specified for placement. Minimum
safety factors for deep—seated arcs were significantly higher than for the
shallow arcs. The minimum safety factors calculated for the embankment are

listed below and the corresponding sliding surfaces are shown on plate C-17.

END OF CONSTRUCTION

MINIMUM SAFETY FACTORS

Corps Minimum Upstream Slope Downstream Slope

1.3 2.2 2.2

b. Steady Seepage and Partial Pool. The embankment was analyzed using

consolidated-undrained strengths for the embankment and foundation

materials. The downstream slope was analyzed for the steady seepage condition
with the water surface at spillway crest and the phreatic surface
conservatively extending from spillway crest elevation at the upstream face to

the downstream toe. The effect of the gravel drain and concrete facing on the
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phreatic surface was not considered. The upstream slope was analyzed for the

partial pool condition with the phreatic surface as described above. Since
the structure would have an ungated outlet and a maximum pool detention time o
of less than one day, retention of significant amounts of water for extended

periods of time would occur only if blockage of the outlet should occur during

flood operations, Therefore these two conditions are considered unlikely to o .
occur and the analysis is very conservative. The minimum safety factors
calculated for the embankment are listed below and the corresponding sliding

surfaces are shown on plate C-~17. L

STEADY SEEPAGE AND PARTIAL POOL f:”

MINIMUM SAFETY FACTORS e

Corps Minimum Upstream Slope Downstream Slope

1.5 1.7 1.8

c. Drawdown. The upstream slope of the embankment was analyzed for the

conditions of drawdown from the maximum water surface and spillway crest

elevations to the invert of the intake structure. Consolidated~undrained }i

strengths were used below the phreatic surface for the embankment and ':vﬁxf
foundation materials with the phreatic surface extending from the water - -
surface at the upstream face to the downstream toe. Consolidated-drained

strengths were used above the phreatic surface. The phreatic surfaces used in

the analysis are conservative because the expected period of pool storage is

short, less than one day. The minimum safety factors calculated for each

condition are listed below and the corresponding sliding surfaces are shown on

plate C-17.




DRAWDOWN

MINIMUM SAFETY FACTORS

Maximum Water Surface Spillway Crest Water Surface

Corps Minimum - Calculated Corps Minimum - Calculated

1.0 1.7 1.2 1.7

d. Earthquake. Rancho Mirage is located in seismic risk zone 4 with a
designated seismic coefficient of 0.15g. This factor was used in a pseudo-
static computer analysis of the embankment using the circular arc method of
slices to determine the locations of critical failure surfaces. The
embankment was evaluated for the end of construction and steady seepage
conditions with the added horizontal seismic driving force to determine the
minimum factors of safety under seismic loading conditions. The minimum

safety factors calculated for each condition are listed below and the

corresponding sliding surfaces are shown on plate C-17,

EARTHQUAKE LOADING

MINIMUM SAFETY FACTORS

End of Construction Steady Seepage
Corps Minimum Upstream Slope ~ Downstream Slope Downstream Slope
1.0 1.4 1.4 1.0
c-27
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29. Seismic Induced Slope Displacement. In addition to the pseudo static ; fzj
seismic analysis, earthquake induced permanent slope displacements for the ;;;;;
calculated yield accelerations were estimated using the Newmark-Ambreyseys- ’ ;:
Sarma procedure. Estimating the amount of earthquake induced permanent slope ;iiZj}
displacement allows for the affect the displacement would have on the ;i‘tj
freeboard of the embankment. Since the yield acceleration is based on a ’
loading condition which produces a factor of safety equal to 1.0 for an i
assumed critical failure plane, the analysis implies the possibility of an — _ j
earthquake occurring on a local or regional fault having a great enough ’
magnitude to produce the yield acceleration. The design earthquake was

determined to be an 8.5 magnitude event on the San Andreas Fault, 8 miles from o

the site, producing a rock acceleration of approximately 0.55g beneath the
embankment. Ground accelerations at the base of the embankment were assumed
to be the same as the bedrock accelerations due to the shallow depth to

bedrock and the relatively narrow width of the canyon. A shear wave velocity

of 1500 fps was assumed for the compacted embankment material.

The yield accelerations were determined for different embankment heights
using a circular arc pseudo-static slope stability analysis. The yield

acceleration is the seismic coefficient which produces a factor of safety

equal to 1.0 for an assumed failure plane. Yield accelerations for arcs in an Py ’
embankment with IV on 3H slopes are shown on plate C-17. The peak seismic

embankment motions were determined by amplifying the peak ground motions. The -
amplification factors were determined from curves developed by Sarma and 6 o

Ambreyseys(z) for embankments on a rigid base. The amplification factors of

ground surface motions through an embankment founded on a stiff alluvial base

would not vary significantly from the amplification factors for an embankment ]
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founded on a rigid base. Accelerations and velocities were determined for

each height of the embankment multiplying the ground motion by the ? o

amplification factor.

.
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The ratio between the yield acceleration and seismic acceleration of the
embankment (Ay/Aeq) was determined at various embankment heights.
Standardized maximum displacements, Us, versus Ay/Aeq were determined from a

(3)

Newmark analysis for the design earthquake. The standardized displacements -

were determined for earthquake motions scaled to a peak acceleration = 0,5g

and a peak velocity = 30 in/sec.

The estimated permanent displacement, Um, is calculated at each height in !_ ;}

the embankment from the following relationship. 7§f?f
'

Um = Us V2 P

18004, R

where: ;;;;;

Us = gstandardized maximum displacement

= factor for critical surface = cos (@ - B)

V = amplified peak ground velocity cos 0 fV‘

AEQ = amplified peak ground acceleration

B = direction of resultant shear force

# = average friction angle .
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The assumed failure surfaces for each height in the embankment and the
maximum displacements estimated by this procedure for various embankment side
slopes are shown on plate C-17. Also shown are the estimated displacements
for a set of shallow arcs in an embankment with 1V on 3H slopes. The

estimated displacements would not significantly affect the stability of the
embankment since it has 5 feet of freeboard and the maximum estimated

displacement for the recommended embankment slope is less than 1 foot,

30. Liquefaction Potential. The liquefication potential of the foundation

materials when subjected to seilsmic loading conditions and the resulting
stability of the proposed embankment were evaluated. The conditions analyzed

were foundation saturation, in-situ densities, grain size distribution.

a. Foundation Saturation. Drill hole and refractive seismic data

indicate that groundwater unormally exists only at the bedrock/alluvium
contact, which, at the location of the proposed embankment, is about 100 feet
deep. Because of the coarse nature and high permeability of the alluvial
materials, saturation of large portions of the foundation would occur only
during perlods of floodwater impoundments. The duration of standard project
flood impoundments would be less than one day. Therefore, the probability of
a major earthquake occurring during a saturated foundation condition is very

low. The range of combined risk, presented in TABLE C-4 is from 0,000183 for

a flood return period of only 10 years and an earthquake return period of 25
years to 0.00000183 for a flood return period of 500 years and an earthquake ;t;&

return period of 150 years.

b. Density. In-situ density tests and laboratory compaction tests
indicate that the foundation materials have densities ranging from 87 to 97
percent of maximum density (ASTM D 698), with an average value of 93

percent., These materials, based on density alone, would be moderately
Cc-30
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resistant to liquefaction., The top 10 feet of the foundation materials under
the embankment will be removed and replaced with material compacted to higher

densities, improving its resistance to liquefaction.

c. Grain Size. The results of grain size analysis and classification
tests indicate that the foundation materials are predominantly well graded,
non-plastic, noncohesive gravelly sands. The percent of material larger than

the No. 4 sieve ranges from 1 to 59 percent with a mean value of 25 percent,

o AEMAEREN
r
-
{

The percent of material smaller than the No. 200 sieve ranges from 1 to 17
percent with a mean value of 4 percent. The uniformity coefficient of the

mean gradation is 10, indicating a reasonably well-graded sand. The D20 size

of the mean gradation is 0.45 mm, however the D, size of the fine gradation

limit is only 0.08 mm, which is associated with moderate resistance to

liquefaction.

d. Stability Analysis. The stability of the embankment was analyzed

under the worst combination of conditions assuming that a major earthquake
occurs during a storm of sufficient length and intensity that the foundation
is completely saturated, with water flowing on the surface. This condition is
highly conservative since the debris surcharge upstream is ignored and surface

water downstream where the alluvial fan spreads out is extremely unlikely.

Nevertheless, buoyant unit weights and undrained shear strenghts for the :QT;Q

foundation materials and the embankment materials below the phreatic surface
were used in a computer analysis of slope stability, using the circular arc ; :w,
method of slices to determine the location of critical failure surfaces and . ;:;f-
minimum factors of safety. In addition, the foundation materials upstream and
downstream of the embankment toes, areas not receiving foundation treatment R
with a vibratory roller, were assumed to have liquefied to a depth of 50 feet

and have no shear strength., Minimum factors of safety for failure arcs




passing through the foundation and embankment, with a horizontal seismic force
of 0.15g, were calculated to be 1.1 for both the upstream and downstream

slopes.

e. Conclugsions. Although the simultaneous occurrence of events necessary
i to produce the required conditions is highly unlikely, limited liquefaction of
the foundation materials at the site of the proposed embankment would be
possible for those conditions. Stability analysis indicates, however, that

catastrophic failure of the embankment would not occur. Relatively loose

cohesionless sands in the foundation would be more likely to undergo moderate

settlement rather than liquefaction since high pore water pressures would be
‘ quickly dissipated. Denser cohesionless sands in the embankment and the
rolled foundation area would be subject to limited liquefaction with a limited
strain potential, if they were saturated. The resultant displacements would

be less than the 5 feet of freeboard that is available during a probable

maximum flood, and very much less than the 23 feet between the gpillway crest

and the top of the embankment.

. 31, Settlement and Subsidence. The settlement and subsidence along the

centerline of the proposed embankment due to the loading of the foundation and
the consolidation of the embankment materials are expected to be minimal. The
foundation treatment requires removal and recompaction of the top 10 feet of
the foundation materials., Due to the coarse nature of the foundation and
embankment materials, the settlements would occur rapidly with most of the
settlements occurring during construction., Large differential settlements are
not expected due to the relatively low maximum height of the embankment

(34 feet), and the cohesionless materials are not susceptible to cracking.
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32, Seepage. A 4-foot thick by 100-foot wide downstream gravel drainage
blanket would be provided to prevent piping and erosion by collecting the
through and underseepage. Seepage through the embankment could occur if the
concrete upstream facing were cracked due to the seismic, settlement or
construction activity., Underseepage is expected due to the relatively high
permeability and relatively loose condition of the foundation materials below
the 10 foot stripping depth. Both conditions are conservative assumptions

] since detention times for the debris basin will be low and the groundwater
surface is not likely to be near the ground surface in the vicinity of the
proposed embankment. Through seepage exiting near the downstream toe is

) especially unlikely since the foundation materials would be more permeable
than the compacted embankment materials and since the spillway crest would be

caly 11 feet higher than the excavated basin. The location of the drainage

blanket in the embankment is shown on plate C-16.

i CHANNEL DESIGN

33. Design Values. The adopted design values are based on the results of

detailed laboratory testing conducted on disturbed samples of representative
materials from the channel frundation. Bearing capacity was determined
according to the methods outlined in EM 1110-2-1903, "Bearing Capacity of

Soils™, dated 1 July 1958, Terzaghi's bearing capacity factors were used in

the general bearing capacity formula for local shear failure. The allowable -}:"}




bearing pressure, with a safety factor of 3, was determined to be 5800 psf.

Bearing capacity based on settlement was determined according to the following

relationship from "Foundation Analysis and Design” by J. E. Bowles.

9q = 1.2 (N-3) B+12 led

2B

where: qa = allowable net increase in soil pressure over

existing soil pressure for a settlement of
1 inch (ksf)

N = standard penetration number

B = width of footing (ft), (1/2 of channel width
assumed)

W = water reduction factor = 1

I Kd = depth factor = 1+D
B

Using a standard penetration test blow count of 30 for medium dense sand that
has been proof rolled to 95 percent of maximum density, a footing depth of

0 feet, a water reduction factor of 1 and an allowable settlement of 1/4 inch,
the allowable bearing pressure was calculated to be 2270 psf. This was the JPTﬁ
controlling factor in choosing the design bearing capacity shown in TABLE C-6.
The equivalent-fluid pressure for the channel backfill material is based on ':iﬁ;
the saturated unit weight of the materials when compacted to 90 percent of

maximum density (ASTM D 698) and an angle of internal friction of 28 degrees

. for typical channel backfill materials in the undrained condition. The moist
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Bearing Eguivalent Unit Weight
Material Capacit Fluid Pressure m sat
(PSF) (PCF) (PCF) (PCF)
Channel
Foundation 2000 - 120 140
Backfill
Behind Channel
Walls - 48 114 133
Compacted Fill
Under Chaunnel 2000 - 120 140

DACIA AT M e Sty N i e R N TP —— Ty Ll Ja e Y ot e T v ~

and saturated unit weights were determined for backfill materials compacted to
90 percent and foundation materials compacted to 95 percent of maximum
density. The selected design values for the channel foundation and backfill

materials are shown in TABLE C-6.

TABLE C-6

CHANNEL DESIGN VALUES

34, Channel Sections. The channel would be a concrete-lined rectangular

section, 20 feet wide, typically 8 to 10 feet deep and 1.4 miles long. It
would be founded on undisturbed streambed materials, Temporary side slopes
for channel excavation would be 1V on 1H. Permanent side slopes would be 1V

on 2H.

35. Foundation Treatment. Foundation treatment for the proposed entrenched

channel would consist of excavating to grade, removing cobbles and boulders,
and proofrolling the invert with a vibratory roller. Proofrolling would be

required to minimize settlement of the granular foundation materials during

construction. Some rock excavation near the side of the channel would be
required at Stations 35+00 to 36+50, 55+55 and 61+50. Blasting may be - 4

required.
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36. Seepage. Weep holes would be provided at the base of the channel walls

to relieve hudrostatic pressure due to local runoff during storms. The walls

; then would be designed to withstand the lateral pressure of drained backfill
material. A subdrain system under the channel invert would not be required
due to the granular nature of the foundation materials and the great depth to
l groundwater,
CONSTRUCTION MATERIALS
t 37. Embankment Materials. Approximately 160,000 cubic yards of material would ‘—:
be required to construct the proposed debris basin embankment and access
roads. Approximately 250,000 cubic yards of suitable material would be
; available from the required excavation of the basin and channel., Assuming a 10

percent volume loss due to transportation, compaction and removal of oversize

cobbles and boulders, about 225,000 cubic yards of material, or approximately

1.4 times the required amount would be available for construction.

38. Sources of Cement. Sufficient Type II, low alkali cement suitable for

concrete construction would be available from cement plants at Colton,

California about 65 miles north of the project site; or from Mojave,

California 175 miles north of the project site. ;IE;%

39. Sources of Pozzolans., Type F pozzolan suitable for concrete construction

would be available from plants at St. Johns, Arizona, approximately 505 miles

IV DU N

from the project site; or from plants near Page, Arizona approximately 550 il?f;

miles from the project. Commercial concrete plants in the project area use

these sources in their commonly produced concrete mixtures.

Cc-36




40. Sources of Aggregates. Aggregates suitable for portland cement concrete

t construction would be obtained in ample quantities from commercial aggregate
sources near Beaumont, Whitewater and Garnet, California. Information on
these sources can be found in indexes 1, 2 and 3 for latitude 33 degrees N and
i longitude 112 degrees W at Waterways Experiment Station, Technical Memorandum
No. 6-370, dated September 1953, titled "Test Data, Concrete Aggregates in
Continental United States,” Volume 2 Area 3, Western United States.

Aggregates from these plants have been used previously in a wide variety of

concrete products.

41. Sources of Water, Sufficient water suitable for use in concrete

construction would be avallable from local water districts.

42. Sources of Stone. Quarries within approximately 70 miles of the project

site which would be able to produce stone of sufficient size in the quantities
required at the time of construction are located near the cities of Riverside,
Joshua Tree, Cabazon and Hemet. There are no known dependable sources of

riprap within 10 miles of the site.

CONSTRUCTION PROCEDURES

43, Embankment. The debris basin embankment would be constructed with
readily available heavy construction equipment. The borrow material would be i;i-ﬂ
excavated from the basin area in such a manner that a uniformly blended IO

embankment material would be produced. The moisture content would be

AR
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specified to be the optimum required for maximum compaction. Cobbles and

Py

boulders larger than 9 inches in the minimum dimension would be raked on grade
to the downstream edge of the embankment. The materials would be placed in

Cc-37
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12-inch uncompacted horizontal 1lifts and compacted with a vibratory roller to
85 percent of the maximum density determined by ASTM test method D 2049,
Relative density would not be used for construction control due to the
difficulty of determining the minimum density of the materials. Instead, the
maximum vibrated density (ASTM D 2049) would be used as the base of comparison
for determining the percent compaction of placed materials. The specified
percent of maximum density will be equal to or greater than 80 percent

relative density.

44, Access Roads. Access roads to the embankment and basin would be
constructed in the same manner as the embankment except that the top 12 inches

of fill would be compacted to 95 percent of maximum density (ASTM D 2049).

45, Channel. The channel excavation would be backfilled with material from
the required excavation for the channel. The moisture content would be
specified to be the optimum required for compaction. Cobbles and boulders
larger than 9 inches in the minimum dimension would be removed. The material
would be placed in 12-inch uncompacted horizontal 1ifts and would be compacted

to 80 percent of maximum density (ASTM D 2049).
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REPORT
OF
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RANCHO MIRAGE DAM

MARCH 1981

AUTHORIZATION
r -
L 1. Results of tests reported herein were requested by the Los Angeles
District in laboratory request No. CIV-81-28 dated 15 December 1980.
SAMPLES
2. Ten disturbed sack samples were received on 13 November 1980. Identi-
, fication of tested samples are shown on Soil Test Result Summary, plate
1‘
-: TESTING PROGRAM
; 3, The program was in general accordance with the test request. Tests
‘ included sieve analysis, specific gravity, permeability, consolidation and
. triaxial compression.
- TEST METHODS
h 4, a, Grain-size Analysis, Specific Gravity, Triaxial Compression, Permeability,
and Consolidation . Testing methods conformed to the procedure described in

Engineer Manual, EM 1110-2-1906, '"Laboratory Soil Testing," 30 November 1970.

- b. Classification. The soil was classified in accordance with '"The SRR
Unified Soil Classification System,'" TM No. 3-357, Appendix A, April 1960. L

3 : TEST RESULTS -

ST e
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ot atand

5. Results of tests are shown on the following plates:

. SUBJECT PLATE_NO.

Soil Test Result Summary 1 L 5
:; Triaxial Compression Test Report 2-11 ﬁ&
- Consolidation Test Report 12 - 19 T;i

PR

r
P Permeability 20 - 21 Do
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STRUCTURAL DESIGN

General. This section presents the feature design for the structural
elements of the proposed flood control plan. The structural elements for this

project include rectangular reinforced concrete spillway and channel walls,

g
X
-
i

and reinforced concrete intake tower and outl~t pipe at the debris basin,

~ References. All structures would be designed in accordance with
applicable provisions of the following Engineering Manuals for Civil Works

construction.

Reference Date Title
EM 1110-1-2101 November 1, 1963 Working Stresses for

Structural Design

EM 1110-2-2103 May 21, 1971 Details of Reinforcement-

Hydraulic Structures

EM 1110-2-2502 May 29, 1961 Retaining Walls

EM 1110-2-2902 March 3, 1969 Conduits, Culverts, and Pipes

Unit Design Stresses. Pertinent information on Unit Design Stresses used

in the design of the proposed improvements is given in the following table.
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TABLE 1

UNIT DESIGN STRESSES

Concrete: '
Ultimate compressive strength
Cast-in-place structures f'c = 3,000 psi
other than culverts

Culverts f's = 4,000 psi
'
Allowable compressive strength
Flexure for retaining walls fe = 0.35 f'¢ = 1,050 psi
Flexure for culverts fe = 0.45 f'e¢ = 1,800 psi
Shear = 60 pst T
i for f'c¢ = 3,000 psi
: = 70 psi
£s for f'c = 4,000 psi
i Ration = = n = 9.3
. EN for f'¢ = 3,000 psi .
F n = 8.0 )
for f'c = 4,000 psi
Modulus of elasticity Ee = 3,122,000 psi
for f'c¢ = 3,000 psi : )
Ec = 3,605,000 psi i
for f'¢ = U,000 psi '
ﬁ_ Reinforcing Steel, Grade 40:
ﬁ Allowable tensile strength fs = 20,000 psi :
Modulus of elasticity ES = 29,000 ksi !

The weights and properties of s0ils are given in the geotechnical portion

of this report.

[N

e

Debris Basin. Structural design criteria for various elements of the

basin, is described in the following paragraphs.

,.
S
T I P,

Y

a. Intake Tower. The wall thickness would be determined from a stress

b

analysis by applying the differential head of water between the inside and

outside of the tower. 1In the determination of stabilitv, the design 1oad and

D-2

AP SPU ST ¢

e ok

Voo




buoyancy of the structure as well as seismic forces would be considered. The
tower would be supported by a spread footing which would be designed so that
the resultant of the vertical and horizontal loads would fall within the
middle third of the footing. When the seismic forces are considered, the
resultant would be designed to fall within the middle half. The tower would
be checked for two loading conditions: Condition I, when the reservoir is

empty with seismic locading (seismic zone U4) and Condition II, when the

reservoir is full to spillway crest elevation with no seismic loading. The

possibility of an earthquake occurring simul taneous with Condition II is

remote; therefore such a condition will be disregarded.

b. Spillway Walls.

(1) Upstream of the embankment. Walls upstream from the axis of the
embankment would be designed according to the amount of backfill behind the
wall. The first section at the entrance to the spillway would be designed for
5 loading conditions: Condition I, saturated backfill and an empty channel

with a 1/3 increase in allowable stresses due to rapid drawdown; Condition II,

drained backfill with an empty channel and normal stresses; Condition III,
drained backfill plus construction equipment surcharge load with an empty
channel. The allowable concrete and steel stresses of 25 percent above normal | 4
would be used for this condition; Condition IV, channel is full with passive
pressure due to backfill counteracting the hvydrostatic force in the channel.
Condition V, loading assumes a free standing wall with a seismic force of 0.2g
applies in either direction. An increase in allowable stresses of 33 percent

would be included for this condition. If;
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The design of the second section would be the same as above, except that
Condition V would be omitted. Minimum channel face vertical reinforcing steel
would be determined by one of the criteria as follows: (a) No. ¥ bars spaced
at. 2 feet on centers, (b) 10 percent of the vertical steel in the earth face

of the wall, (c) steel as required by Condition IV or V, whichever is greater.

(2) Downstream of embankment. The walls downstream from the axis of
embankment are assumed to be outside of the zone of saturation; therefore,
only drained earth backfill would be considered. The loading conditions for
chute walls are given in paragraph b, section (1) above; however, only
Conditions IT, IIT, and IV would be used. A subdrainage system with

perforated pipes would be provided at the spillway crest.

(3) Divider wall.

¢. Reinforced Concrete Outlet Pipe. The 36-inch RCP under the embankment

would be designed for Condition I (i.e., when the debris basin is empty) and
Condition II (i.e., when the debris basin is full)., Condition I loading would
be as follows: (a) the vertical pressure equals 1.5 times the height of the
fill times unit weight of the embankment and (b) the horizontal pressure
equals 0.5 times the height of the fill times the unit weight of the embank-
ment. The pipe would be designed for earthfill plus highway loading
equivalent to HS 20-4U4 design loading to protect against damage from
construction equipment. For Condition II loading, the water pressure over the
conduit on the upstream side of the embankment would be considered. Reinforced
concrete pipe would be encased in concrete. The design loads would be
determined in accordance with EM 1110-2-2902 and a Safety Factor of 2.0 would
be used., A1l pipe joints under the embankment of the debris hasin shall be

steel bell and spigot with gasket.

D-4
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Rectangular Channel. The walls of the open rectangular reinforced

concrete channel would be designed as L-Type or U-Type retaining walls. For
L-Tvpe retaining walls, the concrete invert slab between the wall footings
would be 10-inch thick with a center mat of reinforcement consisting of 5/8-
inch diameter steel bars at 12 inches on centers in each direction. The walls
would be designed in pairs opposite each other with the wall footing abutting
the 10-inch-thick invert slab. This type of design would prevent sliding.

For U-Type retaining walls, the 10-inch-thick concrete invert slab would not

be needed.

Both L-walls and U-walls would be designed for two loading conditions:
Condition I (i.e., when the channel is empty), and Condition II (i.e. when the
channel is full). For Condition I loading, earth pressure on the back of the
wall would be determined in accordance with criteria contained Civil Works
Engineer letter 64~7, 22 April 1964, Subject: "Construction Stresses in
Retaining Walls"., The lateral earth pressure due to a condition of drained

backfill would be computed.

The triangle distribution of the horizontal earth pressure would be
assumed in the design of the wall stem. Besides the earth pressure, a maximum
loading of 200 psf due to construction equipment would be applied at the top
of wall; the loading would be decreased by unit lateral earth pressure Kw at
each foot of depth. The allowable stresses for concrete and steel under this
loading condition would be increased by 25 percent. Friction with a
coefficient equal to the tangent of 3/4 @ (internal friction angle of the

backfill material) would be assumed to act on the back of the walls.,

Straight-line distribution of s0il pressure would be assumed in the design




wall footing. For Condition II loading, the hydrostatic pressure of 62.5

.
E
; .
4

pounds per cubic foot on the channel side of the wall would be balanced by the
passive lateral earth pressure acting on the back of the wall. Minimum
reinforcing steel in the channel face of the wall would be the =same as in

paragraph b section (1) Spillway Walls.
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RECOMMENDED PLAN

General

West Magnesia Spring Canyon 1s located about 7 miles southeasterly of Palm

Springs, California within the City of Rancho Mirage. The upstream canyon is

undeveloped and is covered with sparse brush. The alluvial materials forming

the floor and sides of the canyon erode readily and produce significant - ‘.«"
quantities of mineral debris. Flows from a major single storm event would .
result in debris-laden floods discharging from the mouth of the canyon.

Deposition of debris would cause flows to cut new channels across the alluvial —--—-

cone, constituting a flood and debris threat to the highly developed areas

downstream from the mouth of the canyon.

The recommended improvements would consist of a debris basin and 7000 feet e
of reinforced-concrete channel from the debris basin to the Whitewater
River. The debris basin would be designed to retain 150,000 cubic yards of
debris; the spillway would be designed for the maximum probable flood peak o
discharge of 44,000 cfs to protect the embankment against overtopping. The 2
channel design discharges, ranging from 6600 to 6800 ¢fs would conform to

(~. standard project flood peak discharges because--in the areas where this -
project-unit 1s located--such design is essential to preclude the dangerous
effects of incomplete confinement of large floods. Unconfined floods could |
result in loss of life and major property damage in the intensively developed ~ ~
urban area concerned; and in damage to the flood-control channel itself.
Because of these hazards, all similar projects located in Los Angeles County :fg.:-j'
drainage area project have been so designed. Details of the major features of =T

these improvements are given in the following paragraphs. '_-',:'::-‘.



Debris Basin

General. The debris basin would be formed by excavation of the streambed
and by the construction of an embankment from the excavated material. A
rectangular concrete broad-crested spillway and a pool drain would be

provided.

Embankment. The embankment would have a maximum height of 37 feet, a -f_'l_'_..-"*.

length of 800 feet, a top width of 20 feet, and slopes of 1 vertical on 3

horizontal. The top of the embankment would drain toward the spillway; a 4 - e
inch thick layer of aggregate base course and 2 inch thick asphaltic concrete -
would be provided on the top of the embankment for access and drainage ‘fl'- ; o
control. Paved gutters 6 feet wide would be provided at the junction of the . e
basin embankment and the abutment slopes to prevent formation of gullies. A s
4-inch thick concrete slab would be provided on the upstream slope of the .'.'C:f.
embankment to minimize seepage. A downstream pervious drain blanket would be o

provided to control underseepage and through seepage. The downstream
embankment face would be planted with shallow-rooted native vegetation (such

as Atriplex canenis) where overbuild for the access road permits. Rock would

placed along the toe of the downstream face of the embankment.

Spillway. The spillway would be a rectangular reinforced-concrete
structure consisting of an approach channel, a control section and an outlet
channel. The spillway would be 335 feet long and would be 190 feet wide at
the control section; wall heights would range from 10 to 19 feet. The
spillway would join the channel approximately 335 feet downstream from the top
of the embankment. A subdrainage system would be provided under the spillway

to relieve hydraulic uplift pressures.
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Pool drain. The pool drain would consist of an ungated intake tower, an
outlet conduit, and a diversion structure and conduit. The intake tower would
be about 120 feet upstream from the axis of the embankment; the outlet conduit
would extend downstream from the intake tower and would discharge into the
spillway outlet channel through the diversion structure. The diversion
structure and conduits would convey flows to the spillway and to the east side

of the alluvial cone.

(a) 1Intake tower. The intake tower would be a circular reinforced-
concrete structure. The top would be at least 1 foot above the assumed
maximum debris elevation. The tower would be 5 feet in diameter (inside
dimension) with 4 inch by 18 inch openings regularly spaced horizontally and
vertically., A 3 foot by 3 foot grated manhole would be provided at the base

of the tower for draining the basin and for cleaning process.

(b) Outlet Conduit. The outlet conduit would be concrete-encased

reinforced-concrete pipe with a length of about 240 feet, a slope of about

5 percent, and an inside diameter of 36 inches.

(c) Diversion. The diversion structure and two diversion conduits would
be reinforced concrete. The conduits from the diversion structure would both
have diameters of 36 inches and a total combined length of about 700 feet. A
flow restrictor plate will 1imit the total maximum discharge from the
diversion conduits to 50 cfs. The conduits would terminate at the upstream

end of the 20-acre mitigation area located along the east side of the cone

between the mountain slopes and a levee to be constructed by the Coachella

v v
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Valley Water District. The diversion structure would also feature a 3-foot by
3-foot steel slide gate that would allow the closure of the pipes during

maintenance.

- Access Road. Access to the basin would be along the channel access
s road. A turn-around and small parking area would be provided at the base of
ﬁ the embankment. This road would be extended over the right abutment of the

embankment to the basin bottom. The road would be graded to a minimum width

of 16 feet and paved for a width of 12 feet to the top of the embankment.
Paving would consist of a YU-inch thick layer of aggregate base course and 2~

inch thick layer of asphaltic concrete. From the top of the embankment to the

bottam of the basin, the road would be a minimum of 12 feet wide.

Fencing. A 4-foot chain-link and barbed-wire safety fence would be
provided along the tops of the walls of the spillway. A 6-foot chain-link and
barbed-wire security fence would be provided along the downstream toe of the
embankment and would extend above each abutment to elevation 525. The fencing
along the downstream embankment toe would include a locking double drive gate
to restrict vehicle access to the debris basin. It would also include a
4* x 6' walk gate for pedestrian traffic traveling to the State ecological
reserve. The pedestrian entrance gate would be located adjacent to the gate
for vehicle traffic and would have set-in-place posts to preclude motorcycle
access at all times. The gate would allow pedestrian access to be limited
during the summer months when the California Department of Fish and Game

closes the ecological reserve.
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Channel

A reinforced-concrete channell 7000 feet 1bng would be built between the
downstream end of the spillway and the energy dissipator at the Whitewater
River. Side drainage would enter the channel by concrete spillways at the
tops of the concrete channel walls. The easterly berm along the channel would

be paved with a 4-inch thick layer of aggregate base course.

Energy Dissipator. An energy dissipator would be constructed at the

Whitewater River. The dissipator would be 516 feet of reinforced-concrete

channel with baffle blocks.

Bank Protection. The banks of the Whitewater River at the outlet from

Magnesia Spring Creek would be protected from erosion with stone revetment

consisting of a 33 inch layer of rip-rap and a 15-inch layer of filler material.

Fencing. Both sides of the channel will be fenced for its entire length
with chain link fencing., The westerly side of the channel right-of-way would
be fenced with Helvie fencing which utilizes posts spaced 10 feet apart and

three strands of smooth wire spaced in the following manner: bottom wire set

20 inches above the ground; middle wire set 15 inches above the bottom wire;
and the top wire set 4 inches above the middle wire. The Helvie-type fence is

required in consideration of the bighorn sheep in the area. A double-drive

gate and 4' x 6' walk gate similar to those described in the Debris Basin
section would also be provided in the channel fencing. The pedestrian walk
gate would be located at a point along Mirage Road upstream of the

intersection with Gorgonio Road. These gates would also control access as

previously described. The specified location of the walk gate would ensure
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that street parking and the entrance gate are contiguous and that the walk ng

distance to the State ecological reserve would be minimized.

Guzzler/Adit. Enhanced water source(s) for big game would be provided in
lower Magnesia Spring Canyon immediately upstream of Magnesia Falls as a first
item of construction. As shown on plate D-8, the guzzler consists of a buried
concrete box with a water-collection apron and a valve and drinking trough.

An adit consists of a large down-sloping water storage tunnel (dimensions 6' x
6' x 21') with a water-collecting surface as shown on plate D-8. Fifteen
thousand dollars ($15,000) is alloted for construction of a guzzler or an

adit.

Mitigation Area.

A 20-acre mitigation area would be located along the east edge of the
alluvial cone between the toe of the mountains and a levee to be built by the
Coachella Valley Water District. The levee is planned to be constructed prior
to construction of the Corps project. Developrment of the mitigation area
would include planting of native vegetation (seedlings), watering and
maintenance for up to 2 years to aid establishment of seedlings, and no-
trespassing signs designating the area as protected wildlife habitat that
would be posted every 200 feet along the top of the 3,500-foot-long levee.

The numbers and types of seedlings to be planted and the specifics of the
planting, watering, and other maintenance efforts will be addressed by an

environmental contract in 1984,
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REAL ESTATE REQUIREMENTS

General. Construction of the debris basin and channel would require about
29 acres of land of which 16 acres would be allocated for the debris basin and
access road, and the other 13 acres would be utilized for the channel.
i Approximately 20 acres along the east side of the cone downstream of the
debris basin would be acquired for mitigation. Project land costs were

determined by using a conservative value of $5000 per acre for 70 acres, No

1 appraisals have been obtained as project justification is not sensitive to

land cost and conservative values have been assumed.

ﬂl Acquisition. In accordance with the authorizing act, the Coachella Valley

.' Water District will acquire all rights-of-way, including temporary construction
easements, for the construction of the project. All acquisition will be

_ completed prior to the initiation of construetion.

i
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BRIDGES AND UTILITY RELOCATIONS

There are no bridge or utility relocations required for the project. The
State Route 111 bridge at station 16457.5 can accommodate the proposed channel
with no modification. All known utilities in the vicinity of the project are

.- located on the bridge.
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DIVERSION AND CONTROL OF WATER DURING CONSTRUCTION

i General. Based on climatological data the dry seasons occur between the
months of September to November and March to July. The major construction
would generally be limited to these periods, making diversion and control of
water requirements minimal. The debris basin construction would be planned
for the fall to minimize effects on the bighorn sheep.
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COST ESTIMATES

General. Total estimated cost for the project as recommended in this
report is $8,279,000, of which $4,000,000 is a Federal cost and $4,279,000 is
a non-Federal cost. The detailed estimated costs for the project based on
March 1983 price levels is shown on table 2., Unit prices are based on costs
prevailing in March 1983 for work of t*-’s nature in the Los Angeles area and
in the vicinity of the site. A s.uumary of the detailed estimated of first
cost for the selected plan ¢“ improvement is given in table 2. The cost
estimate for the propose” .mprovements includes construction, engineering and
design, supervision and administration, right-of-way, and contingencies.
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- TABLE 2 <]
k -
).
! L ,j.f
i Summary of Estimated Costs (March 1983 price levels) Q-ﬁj
N cATed
i PRSI
< Cost v
L Acct. .
No. Item Amount '
06 Fish and Wildlife Facilities $ 185,000 i
AS -
09 Channel & Debris Basin 6,401,000 '
20 Reservoir Staff Gages 1,000 :
30 Engineering and Design 466,000 ]
. —d]
31 Supervision and Administration 388,000 b
Subtotal, Construction Cost $7,441,000 k
01 Lands and Damages 388,000 e
S
02 Relocations 0 ) d
TOTAL PROJECT FIRST COSTS $7,829,000
Detailed Project Report 450,000 -
.t
' 4
TOTAL FLOOD CONTROL COSTS $8,279,000 o
L
Annual Operation and Maintenance Cost $ 72,000 K
@ oo
)
)
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TABLE 3

DETAILED FIRST COST ESTIMATE FOR IMPROVEMENT
UNDER THE SELECTED PLAN
(March 1983 price levels)

Cost
; Acct. Unit
; No. Description Quantity Unit Cost Amount
B 06 Fish and Wildlife Facilities:
i Wildlife guzzlers 1 Job LS 14,000
r Mitigation Area:
[ Native plants 1,700 Ea 11.00 19,000
' Planting & Establishment
of plants 1 Job LS 122,000
Posts & Signs 1 Job LS 6,000
h Contingencies (15%) 24,000 - -
Subtotal, Fish and wildlife
Facilities 185,000
i 09 Channel & Debris Basin
Embankment:
Care and diversion of water 1 Job LS 11,000
Clearing and grubbing 9 AC 1,100.00 10,000
Excavation, debris basin 96,000 cY 2.20 211,000
Excavation, foundation 68,000 CcY 2.20 150,000
Excavation, abutment 1 Job LS 80,000
Compacted fill, random 140,000 CY 2.20 308,000
Drain material 6,500 cY 11.00 72,000
Aggregate base course 125 cY 16.00 2,000
Grouted stone inlet 1 Job LS 133,000
Concrete facing slab 1 Job LS 244,000
Gutters 1 Job LS 12,000

Access roadrs

Compacted fill 6,800 CY 2.20 15,000
Aggregate base course 175 cY 16.00 2,800
A.C. paving 900 Ton 42.00 38,000
6-foot chain link fence 900 LF 7.80 7,000

Spillway: ‘ ]
Excavation 37,000 cY 2.20 81,000 '
Compacted fill 26,000 CcY 2.20 57,000
Concrete, cutoff wall us CcY 111.00 5,000
Concrete, invert 2,500 cY 67.00 168,000
Concrete, wall 700 CcY 100.00 70,000
Cement 15,000 cY 7.00 105,000
Reinforcing steel 300,000 LB 0.44 132,000
Fencing (U-foot) 860 LF 5.55 4,800
Subdrainage 1 Job LS 28,000
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TABLE 3 (Continued) i
Cost '
Acct. Unit .
No. Description Quantity Unit Cost Amount o]
Intake tower, Diversion- .
structure, and Drain pipe: b
Intake tower 1 Job LS 16,600 !
Excavation 2,850 cY 2.20 6,300
Compacted fill 900 CcY 2.20 2,000
36" R.C.P. 240 LF 50.00 12,000
< Concrete, Cradle 170 cY 188.00 32,000 -
Cement 1,030 CWT 7.00 7,200 -
Diversion structure 1 Job LS 24,600 ' j
Diversion outlet 1,000 LF 50.00 50,000 Co
: <
Channel ;
Clear and grub 16 AC  1,100.00 17,600 S
Diversion and control ' et
of water 1 Job LS 11,000 Yo
Earthwork ST
Excavation 110,000 cY 2.20 242,000 R
Compacted fill, Channel 60,000 cY 2.20 132,000 53:5;
Concrete mm—
Invert 2,600 cY 67.00 174,000 Lo
Footings 5,000 cY 67.00 335,000 SRR
Walls 4,670 cY 100.00 467,000 )
Baffle Blocks 315 CY 166.00 52,000 R
Cement 70,000 CWT 7.00 490,000 ]
Reinforcing steel 1,445,000 Lbs 0.44 636,000 {~EMQ
y
Chain link fence (6') 13,000 LF 7.00 90,000 R
3' strand wire fence 6,500 LS 5.55 36,000 o]
Aggregate base course 1,000 cY 16.00 16,000 ONSN
Sidedrains 2 Ea  3,300.00 6,600 NG
e Stone 17,000 Tons 20.00 340,000 o
) Grouting stonework 3,250 cY 44 .00 143,000 o
Excavation 40,000 cY 2.20 88,000 Tl
Fill 21,000 cY 2.20 46,000
Beautification 1 LS 197,000
Contingencies (15%) 835,470
Subtotal, channel & Debris Basin 6,401,000 i
20 Reservoir Staff gages 6 Ea 140.00 840 e
Contingencies (15%) 160 coa
Subtotal, Reservoir staff gages 1,000 el
Total, Channel, Debris Basin & Appurtenances 6,587,000 .
D-19
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30

Engineering and Design
Plans and Specifications
Engineering during Construction
Subtotal, Engineering & Design
Supervision and Administration

TOTAL CONSTRUCTION COST

Lands and Damages
Relocations

TOTAL PROJECT FIRST COST

Detailed Project Report
Total Flood Control Costs
FEDERAL COST

NON-~FEDERAL COST

D-20

$335, 000
$111,000

$466,000
288,000
$7,4081,000

388 000
0

$7,829,000

450, 000
$8,279,000
$4,000, 000

$4,270,000

TARLE 2 ‘Contimied) o
Unit )
Description Quantitv Unit Cost Amount
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SCHEDULE FOR DESIGN AND CONSTRUCTION

The time required to prepare the plans and specifications for this project '_5-,
is approximately one year. This phase of the project could be initiated, ST
pending approval of this report and receipt of funds. Construction would take '}gqi
approximately 9 months to complete. The construction of the debris basin i

would be scheduled in the fall and channel could be accomplished during the
Spring or Fall months.

Excavation of the debris basin and construction of the embankment and

upstream 1000 feet of the spillway and channel would be scheduled to the

maximum extent practicable, to avoid the period from 15 June through 30

September in order to minimize adverse impacts of construction noise and R
- activity on the bighorn sheep. Construction of the portion of the channel -
. adjacent to the Rancho Mirage Elementary School would be scheduled, to the ! :
maximum extent practicable, to avoid school hours, .

The guzzler/adit would be a first item of construction. Planting of the
mitigation area would be scheduled to be accomplished during the period from S
October to April in order to insure a reasonable rate of planting success. e
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OPERATION AND MAINTENANCE

The Coachella Valley Water District will operate and maintain the
completed facilities. Because maintenance and operation costs are to be
projected for 100 years from the completion of the project, maintenance cost
would include replacing 2 inches of concrete invert every 25 years as well as
periodic removal of debris from debris basin in addition to routine
maintenance. Debris removal costs of $11 per cubic yard are considered
typical. The amount of debris accumulation is estimated to average 4000 cubic
yards annually. Based on these figures, an average annual operation and
maintenance charge of $72,000 was estimated for the project.
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INTRODUCTION

This analysis estimates the benefits and costs of providing flood protection
along West Magnesia Spring. Benefits result from flood damage reduction and
land value enhancement. The economic benefits and costs are compared for
three plans. Cost apportionment between Federal and non-Federal jinterests is
discussed for the recommended plan.

METHODLOGY

The estimates of the project costs and benefits for each alternative were
based on October 1982 price levels. Each alternative was assumed to be
operative for 100 vears after construction. Sufficient allowance was made for
annual operation and maintenance costs to insure the long-range functioning of
each project. A 8-1/8 percent discount rate was then used to convert the
construction costs into annual payments over the life of the project.
Operation and maintenance costs were added to this to arrive at the total
annual charges. FEach alternative was designed to reduce flood damages and
hazards. Flood damages prevented were calculated by comparing the damages
expected to occur over the 100-vear analysis period without a project with
those damages expected to occur with a project in place.

PROJECT COST ESTIMATER

First Cost

The estimated financial first zosts of the project (37,829,000 ineclude
estimates for ~onstruction, engineering and design, supervision and
administration, relncatinns, rights-of-way, beautification, mitigation,

and allowance for contingencies. Unit prices were developed by using current
October 1983 material, eqiipment, and labor costs for the basic facilities.

To appraise the land costs, the sites of the recommended improvements were
inspected and real estate markets cnncerned were analvzed. The cost of
acquiring the rights-nf-way was based on developments currently in place.
Total first costs alsc ‘roliade the non-finannial cost of interest during
construction (IDN) &°03 1, This ~ost reflects 8-1/8 percent annual interest
on construction costs Hmlyv o an average of U5 months., Tt does not apply to
lands and relocations heoygse 317 lands woald ntherwise not be used for anv
purpose other than fl~nd ~ont~nl easements, Fipst cost including TDC total
$8,037,000 for the prefer»ad n’an, Tatle . shows the first eosts of each
alternative.

Annual Charges

Total first costs for the alternatives were donverted to annua’ pavments by

applying the capital recovery Tactor 3t ‘he cgeront interest rate of 8_-1/8
percent for 100 years. Rstimated annaa’ ~marseges T sperition and maintenance
of the project were added to this annual navmernt, Arnaa’ charges thus
include: (a) interest on total inve:*ment, '  qmart ratian of the *otal
investment over the project 1ife, Nt e e annal ensts of project
ma‘intenance and operation, Tahle MoT shae e e T hipege s somput o o

each project feature of aach 3ltreng ive,




PROJECT BENEFITS

Most alternative plans were formulated for a single use of the flood plain
resources. Recognition was also given to such nonquantifiable beneficial
impacts as the reduction in the threat to loss of life, the decrease in
disease hazards, and savings in the cost of economic and social dislocation
caused by large floods. They do not appear explicitly in the benefits
estimates.

All alternatives provided two different types of flood control benefits;

flood damage reduction (inundation benefits) and location benefits. The
flood-damage-reduction category reflects the savings that can be attributed to
the prevention of direct damages inflicted by floodwaters on real and personal
property. Also included is some measure of the reduction of nonphysical
losses that would be otherwise experienced by residents of the area in terms
of lost wages and loss or return on capital investments. These flood-damage-
reduction benefits were calculated by comparing the damages without any
improvement with those damages that would occur if each alternative plan

were in place. Such reductions during the project life (100 years for all
alternatives) were claimed as a benefit. Location benefits accrue from
permitting lands to be developed as a result of construction of a flood
protection improvement.

Flood Damage Reduction

Flood-damage reduction benefits were estimated by evaluating damages that
would occur to present (1983) and projected development if no project were
constructed and then deducting the damages that would be expected to occur
under the same conditions after the project was constructed. Damages are a
function of type and value of damageable property, as well as hydrologic and
topographic conditions.

Present Damageable Values

Present 1983 value.of developments in the overflow area were obtained from
many sources. Estimates of improvement values for private property were made
by: (a) sampling development carried on the Riverside County Tax assessor's
books and adjusting the assessed valuation to market value, (b) consulting
knowledgeable real estate brokers for valuation data, and (c¢) performing
field inspections and development appraisals using such references as the
Marshall Valuation Service. The Los Angeles District conducted a survey of
18 insurance companies and claims adjusters in the District to determine the
value of residential contents. Information was sought on home-owners fire
insurance policies. These experts were asked specifically about the value of
contents in houses that had been completely destroyed in or ~r to exclude any
smoke damage that might skew content damages. They reported that settlement
for contents generally ranged from 40 to 60 percent. For better homes the
rough estimate was 50 to 60 percent. Present values of damageable property
is shown by land use and flood in Table E-2.
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Future value of contents per residence was projected at the OBERS projected
rate of increase in personal per-capita income (2.6 percent annually) for
Riverside County. The value of contents was allowed to increase to a maximum
of 75 percent of the value of the structure. No increase in value of other
existing developments was claimed. A summary of estimated present and future
value of damageable property in the 500-year SPF, 100-year, and 50-year
overflow areas is presented in Table E-2.

Hydraulic Data

Hydraulic studies were made to determine the extent of the overflow area, the
depth of inundation, and the velocity of flow for each major flood magnitude.
Plate 3 in the main text outlines the assumed overflow area. Most of the
structures in Rancho Mirage are built on pads at or near grade. The

overflow area represents the probable path of flooding used in this economic
analysis. The area subject to inundation displayed on plate 2 in the main
text was used to compute location benefits only.

Depth-damage relationships were used to evaluate the impact of the anticipatec
flows on development in the flood plain. These relationships, which were
developed for each land-use category from the local historical flood-damage
reports, have been verified and adjusted for different hydrological condition:
after each flood in the Los Angeles District. Depth-damage relationships for
selected points are shown in Table E-3. These depth-damage relationships,
when applied to damageable property, were used to develop flood damages.

Present land use is primarily single family residential development with an
average density of approximately four units to an acre. Future development
that may occur with the construction of our project is expected to have a
density of 2 units to an acre. Table E-4 shows present land use by overflow
area. Table E-5 shows damages under existing conditions by flood and land
use.

Future Flood Damages Without Project

Damages for each type of land use were summed for each flood. These damages
are displayed in tables E-6 through E-9. The damages expected to result from
each size flood were weighted by the probability of occurrence of that flood
by combining the damage-discharge and discharge-frequency curves. Standard
damage-frequency integration techniques were then used to calculate average
annual damages. Equivalent annual damages were computed next by summing the
present worth of the expected annual damages and applying the capital recover
factor (partial payment series) for a 8-1/8 percent discount rate. Probable
and equivalent annual damages (8-1/8 percent, 100 years) are shown for the
flood plain on table E-10.

E-3




Residual Damages

The impact of each alternative plan was evaluated by using the frequency
curves associated with the improvements, with adjustments made for the new
channel capacities. These curves were applied to the basic damage-discharge
curves. Probable damages remaining with the project in place were calculated ‘
by integrating the "with project" frequency curves and the damage-discharge L
curves., Equivalent annual damages were calculated at a 8-1/8 percent discount .
rate for a 100-year project life. Probable and equivalent annual (8-1/8 L
percent, 100-year) damages remaining with the recommended plan are shown in

.

o

\-_'

\1_* -
h table E-11. LT
,

Equivalent annual remaining damages also include induced damages of $14,000
for single family residential structures developed only with SPF protection
and $7,000 to their contents. Induced damages to these land uses increase to
$27,000 and $14,000 with 100-year protection. Table E-11 does not include
induced damages in order for the table to be internally consistant with other
tables displaying damages prevented (table E-12) and damages without the
project (table E-10).

Flood Damages Prevented

Table E-12 displays damages prevented by the preferred plan. These benefits
are the same for all other plans providing protection from the Standard
Project Flood. Table E-13 displays damages prevented by 100-year protection.

Location Benefits

Location benefits accrue to this project by freeing approximately 150 acres
for residential development. The acreage allowed to develop is presently
prohibited from development by local ordinance because of the existing flood
hazard. Location benefits equal the total increase in property value from a
change in land use.

In the Coachella Valley, there is an extremely limited amount of land that
offers the amenities of the Magnesia Canyon alluvial cone, which include
freedom from the strong winds that blow throughout the Coachella Valley ws
well as desirable views of the valley floor.

-ccaa

The recommended plan is the most cost-effective solution for protecting the
existing urban development on the West Magnesia Canyon alluvial cone.
Incidental to the plan will also be flood protection to the vacant land on the
corie. It is expected that the land will be developed for urban uses as a
result of the project.

Location benefits are measured by the enhancement of property values.
Increased market value has been estimated for the 150 acres of land affected
by the project. The exact amount of increase is open to discussion owing to
the fact that the risks potential developers are willing to take with this
land are unknown. Instead, a range of possible current land values have
been estimated. These values are then compared to $150,000 per acre with

a project.
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The range of possible property value increases implies the calculation of a
range of possible values for location benefits which in turn produces a range
of cost apportionment schedules. The minimum and maximum figures for land
value, location benefits, and cost apportionment can be viewed as endpoints )
describing their respective ranges. )

4

& Location benefits range from $633,000 to $1,595,000 in equivalent annual

~ terms. The minimum value is the annualized cost of constructing and S

. maintaining a 100-year flood control plan. The rationale for using this N
figure is as follows. In order for a private sector individual to develop '

the land, he would have to provide 100-year flood protection for that land,
as per FEMA requirements. In doing so, he would incur a cost of at least
$633,000 in annualized terms.

AU The maximum location benefit value is simply the annualized value of the R
expected value of the 150 acres, minus the minimum value of land ($15,000 per )
acre from the Design Appendix). This value is calculated to be $1,595,000.

Since approximately 150 acres in the Upper Cone will become developable under
the project, and the area is primarily controlled by a single party, special
location benefits are indicated and special cost apportionment required.

The important point of this discussion is the impact location benefits have on )
cost apportionment, project justification, and plan selection. All location
benefit values within the calculated range lead to Federal costs apportionment
in excess of $4 million. However, since Federal participation in this project
is limited to $4,000,000 under the Small Project Authority, cost sharing for
the Federal portion is unaffected by any value for location benefits in the
calculated range. All location benefit values within the calculated range
would adjust the net benefits of each plan equally. The only significant
change would be justification of Plan 4 (Earthfill Dam) with use of equivalent
annual location benefits exceeding $1,133,000. S

T

Maximization of Net Benefits

Net benefits are maximized at the level of protection where benefits exceed

costs by the greatest margin. Table E-} lists net benefits for each plan

considered. Plan lA maximizes net NED benefits with $396,000 net equivalent

annual benefits for 100-year level of protection. This qualifies Plan lA as
the NED plan. Plan 1, the preferred plan provides additional flood protection

!. - e to the SPF level. In equivalent annual terms, this extra protection costs )

[

}.

$128,000 for $51,000 in NED benefits, for a net loss of $77,000. The
rationale for recommending Plan 1 instead of Plan IA is explained in the
main text.

6 COST APPORTIONMENT

% Sharing of cost between Federal and non-Federal interest for the recommended
- plan is based on Federal legislation pertaining to local protection projects R
- and administrative determinations, Under present policy, local interests are SO
@ required to provide necessary rights-of-way for the project, relocate all o
highways, utilities, and irrigation and drainage facilities, and maintain and
operate all works following completion. In addition, local participation in
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the construction costs is required when large land value appreciation of
special local benefit occurs as a result of the project. Analysis had
indicated that the location benefits should be classified as special local
benefits. Local participation in construction cost is thus required. This
participation amounts to: 50 percent x (percentage of benefits attributed to
windfall benefits x project costs) - 100 percent x (percentage of benefits
attributed to windfall benefits x lands and relocation costs).

The non-windfall portion of benefits, damages prevented, is reduced by the
amount of induced damages. The resultant figure, net damages prevented, is
used to determine cost sharing.

Only financial costs, actual expenditures, are cost shared. Interest during
construction is not cost shared because it is not an actual expenditure,

Where the amount of local interest as described above is not enough to pay for

the amount of first costs in excess of the Federal limitation, local interests -~
would be required to provide additional monies so that the Federal share does

not exceed the limitation., Under the Small Project Authority, Federal share

of construction is limited to $4 million.

Contribution towards first cost required from local interests are given in
tables E-14 and E-15. As can be seen, the local share of construction costs
are $2,267,500 as a result of special local benefits. Cost of lands and
relocations equals $388,000. Together, the local first cost share is
$2,655,500. Since the amount of construction cost in excess of the $4 million
Federal limitation is estimated at $4,217,000, local interests would be
required to contribute this larger amount instead of $2,655,500. The
apportionment is thus as follows: Federal government, $4,000,000; local
interests $4,217,000 of which $388,000 is for lands and relocations and
$3,829,000 is for construction costs in excess of $4,000,000,
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TABLE E-1

ECONOMIC SUMMARY N
(8-1/8% 100 Year Project Life) el
(1983 $1000)

Plan 1 Plan 1A Plan 4 L
Debris Basin and Debris Basin and Earthfill »
FLOOD CONTROL Rectangular Channel Rectangular Channel Dam
First Cost (SPF) (100 yr) (SPF)
Construction 7,441 6,062 16,033
Interest During ;
Construction (IDC) 208 171 1,290
Right of Way 388 388 388
Total 8,037 6,621 17,711 .
)
ANNUAL CHARGES o
Construction with IDC S
and Rights of way 653 538 1,440 o
Operation and Maintenance 72 59 72 ]

Total 725 597 1,512

ANNUAL BENEFITS

Flood Damages

Prevented 432 4Q1 432
Induced Damages (21) (41) (21) ?f
Location 633 633 633 .
Total Benefits 1,044 993 1,0ul :
NET BENEFITS 319 364 -468

B/C 1.44 1.6 .69
(1.4) (1.7 .7
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TABLE E-3

Inside Depth-Damage Relationship
(In Percent)

Water Depth in Feet

[ 5 1 15 2
LAND USE: ) 4
3
Residential .
Single Family - Structures 0 4 7.8 11.6 16.9 21.8
- Contents 0 5 7 10 15 20
Multi-Family - Structures 0 3 6 9 13 16 -
- Contents 0 5 7 10 15 20 ! {
Commercial
Retail - Structures 0 3 6 9 13 16
- Contents 0 5 T 10 15 20 RS
Office - Structures 0 7.5 12.5 20 26.5 33 o annd
- Contents 0 5.5 12.5 21.5 33 by L
Food Markets - Structures 0 1 5 10 16 23 Lo d
- Contents 0 20 50 60 80 100 e
Public Office - Structures 0 7.5 12.5 20 26.5 33 Sl
- Contents 0 5.5 12.5 21.5 33 4y i
- .. 4
T
" ,;4
- 1
-]
E-9
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TABLE E-4
Land Use in Overflow Area
Number of Units
F! Without Project With Project
' Present PY? PY?
(1983) (1984) 1994 2004-2084 (1984) (1994) 2004-2084
Residential
Single Family 268 274 284 286 274 587 589
Multi Family 212 262 352 372 272 o7 432
Commercial .
Retail 56 56 56 56 56 56 56 -
Office 16 32 50 54 28 52 56
Food Markets 2 2 2 2 2 2 2
Public Offices 1 1 1 1 1 1 1
Total 555 627 Tu45 771 633 1,105 1,136




TABLE E-5

DAMAGES UNDER EXISTING (1983) CONDITIONS BY FLOOD & LAND USE
(1983 $1000)

500 yr SPF 100 Yr 50 ¥r

Residential
Single Family Structures $3,610 $2,980 $1,910 $1,290
Single Family Content 1,380 1,0U0 690 490
Multi Family Structures 900 730 510 340
Multi Family Contents 480 360 230 170

Commercial
Retail 3,220 2,560 1,760 1,190
Office 1,200 620 690 420
Food Markets 800 640 470 360
Public 90 80 60 30
Utilities & Roads 40 20 20 20
Flood Control 120 60 4o 30
Total 11,800 9,090 6,380 4,340




RPr—— - T TS T v —i -
T - —— CRASCR IS Jeae Aol vt g YT T S Y i
F. ,-nf,f_v-_\.v‘ UL L e W TR R AT T R L T W T e T T .

DASCRIEAL NS R .

TABLE E-6
. TOTAL DAMAGES
BY PROPERTY TYPE
I (1983 $1000)
500 YEAR FLOOD

1982 1984 1994 2004 2014 2020-84

I Residental
Single Family Structures $3,610 $3,710 $3,880 $3,910 $3,910 $3,910
Single Family Contents 1,380 1,580 2,090 2,690 2,690 2,690
Multi~Family Structures 900 1,220 1,900 1,900 1,900 1,900
) Multi-Family Contents 480 690 1,390 1,900 1,900 1,900 .
ﬂ Commerical
: Retail 3,220 3,220 3,220 3,220 3,220 3,220
Office 1,200 4,520 8,260 9,090 9,090 9,090
Food Market 770 770 770 770 770 770
- Public Offices 90 90 90 90 90 90
) Utilities and Roads 40 4o 40 40 40 40
: Flood Control Structures 120 120 120 120 120 120
TOTAL 11,810 15,960 21,760 23,730 23,730 23,730
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TABLE E-7

SPF DAMAGES
BY PROPERTY TYPE
(1983 $1000)
SPF

1983 1984 1994 2004 2014  2024-84

Residential
Single Family Structures $2,800 2,870 3,010 3,040 3,040 3,040
Single Family Contents 1,040 1,150 1,660 2,020 2,020 2,020
o Multi-Family Structures 730 1,000 1,650 1,650 1,650 1,650
X Multi-Family Contents 360 520 1,040 1,410 1,430 1,430
Commercial
Retail 2,560 2,560 2,560 2,560 2,560 2,560
Office 940 3,570 6,520 7,180 7,180 7,180
Food Markets 640 640 640 640 640 640
Public Offices 80 80 80 80 80 80
Utilities and Roads 20 20 20 20 20 20
. Flood Control Structures 60 60 60 60 60 60
; Total 9,230 12,470 17,140 18,660 18,660 18,660
]
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TABLE E-8

100 YEAR FLOOD DAMAGES
BY PROPERTY TYPE
(1983 $1000)

e w— A w e, =

1983 1984 1994 2004 1014 2024-84
Residential
Single Family Structures $1,910 1,980 2,060 2,090 2,090 2,090
Single Family Contents 690 780 1,040 1,350 1,350 1,350
Multi-Family Structures 510 690 1,070 1,140 1,140 1,140
Multi-Family Contents 230 350 690 950 950 950 .
Commercial
Retail 1,760 1,760 1,760 1,760 1,760 1,760
Office 690 2,600 4,760 5,240 5,240 5,240
Food Markets 470 470 470 470 470 470
Public Offices 60 60 60 60 60 60
Utilities 20 20 20 20 20 20
Flood Control Structures 4o 4o 40 40 4o 40
Total 6,380 8,750 11,970 13,120 13,120 13,120
- 9
4
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Residential

Single Family Structures
Single Family Contents
) Multi-Family Structures
- Multi-Family Contents

Commercial
Retail
Office
Food Markets

Public Offices
Utilities
Flood Control Structures

Total

.............

.....

TABLE E-9

50 YEAR FLOOD DAMAGES
By Property Type

(1983 $1000)

1983

$1,290
490
340
170

1,190
420
360

30
20
30

4,340

1984

1,330
540
460
240

1,190
1,600
360

30
20
30

5,800

1994 2004 2014  2020-84
1,390 1,400 1,400 1,400
730 950 950 950
710 760 760 760
490 660 670 670
1,190 1,190 1,190 1,190
2,930 3,230 3,230 3,230
360 360 360 360
30 30 30 30
20 20 20 20
30 30 30 30
7,880 8,630 8,640 8,640
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TABLE E-1C

Probable and Equivalent Annual Damages Without Project
(1983, $1000) .

EI Equivalent
' Annual
1983 1984 1994 2004 2014 2020-24 100 Yr, 8-1/8%

Residential
Single Family Structures 82 84 88 88 88 88 86
Single Family Contents 31 34 u7 60 60 60 46
Multi-Family Structures 22 30 46 48 48 48 42
Multi-Family Contents 11 16 31 41 41 41 30
Commercial -
Retail il T4 T4 74 T4 T4 T4
Office 28 104 189 207 207 207 173
Food Markets 21 21 21 21 21 21 21
Public Offices 2 2 2 2 2 2 2
Utilities 1 1 1 1 1 1 1 -
Flood Control 3 3 3
Total 275 369 502 545 545 545 478
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TABLE E-11

[ Probable and Equivalent Annual Residual Damages '
: (1983 $1000)

SPF CHANNEL or SPF DAM

b Equivalent
L Annual
_ 1983 1984 1994 2004 2014 2020-84 100 Yr, 8-1/8% '
: Residential

Single Family Structures 9 9 9 9 9 9 9

Single Family Contents 3 3 5 6 6 6 Yy

Multi-Family Structures 2 2 5 5 5 5 hy
E - Multi-Family Contents 1 1 3 3 3 3 3 '
5 Commercial
[ Retail 7 7 7 7 7 7

Office 2 1 20 21 21 21 18
| Food Markets 2 2 2 2 2 2 -
) )
? Public Offices 0 0 0 0 0 0 0
s Utilities and Roads 0 0 0 0 0 0 0
3 Flood Contrc. Structures 0 0 0 0 0 0 0

Total 26 35 51 53 53 53 7 <




Probable and Equivalent Annual Damages Prevented With Project
(1983 $1000)

SPF CHANNEL or SPF DAM

o Equivalent
v Annual
1983 1984 1994 2004 2014 2020-84 100 Yr, 8-1/8
. Residential
Single Family Structures 73 75 79 79 79 79 78
Single Family Contents 28 3 42 54 54 54 42
Multi-Family Structures 20 28 41 43 43 43 37
: Multi-Family Contents 10 15 28 38 38 38 29
p: Commercial
b Retail 67 67 67 67 67 67 67
' Office 26 93 169 186 186 186 154
i N Food Markets 19 19 19 19 19 19 19
h Public Offices 2 2 2 2 2 2 2
Utilities and Roads 1 1 1 1 1 1 1
Flood Control Structures 3 3 3 3 3

Total 249 334 451 492 492 4g2 432
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TABLE E-13

! Probable and Equivalent Annual Damages Prevented With Project '
(1983 $1000)

100 YEAR CHANNEL

Equivalent =

T - e, oo
B P PR
I

Annual
1983 1984 1994 2004 2014 2020-84 100 Yr. 8-1/8%
Residential T
Single Family Structures 66 67 71 T1 YAl 71 70 B
Single Family Contents 24 27 36 48 48 48 38 N k
Multi-Family Structures 17 23 35 38 38 38 33 g
Multi-Family Contents 9 12 24 33 3y 34 24
Commercial |
Retail 61 61 61 61 61 61 61
Office 21 72 151 166 166 166 153 -
Food Markets LA kAR AR | AN ¥ { 17 17 o]
Public Offices 1 1 1 1 1 1 1 R
Utilities and Roads 1 1 1 1 1 1 S
Flood Control Structures 3 3 3 3 3 3 T
Total 220 284 400 437 438 438 401 R
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TABLE E-14

CONTRIBUTION OF NON-FEDERAL INTERESTS

Flood Control Financial First Costs

Construction 7,829,000
Lands and Relocations 388,000
Total 8,217,000

Flood Control Benefits

Non-windfall Windfall
portion _portion
Net Damages Prevented* $411,000 0
Location 0 633,000
Total 411,000 633,000
Percent 39 61
Apportionment of Flood Control Cost
Non-windfall Windfall
portion __portion
Construction 3,057,000 4,772,000
Land Relocations 151,000 237,000
Total 3,208,000 5,009,000

Total

411,000
633,000

1,044,000

100

Total

7,829,000
388,000

8,217,000

#
Net Damages Prevented is damages prevented less induced damages.
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Non-Windfall
Construction
Lands and

Relocations
Total

Windfall
Construction
Lands and

Relocations

Total

TENTATIVE APPORTIONMENT

Federal

3,057,000
0

3,057,000

2,386,000
118,500

2,540,500

Total Flood Control First Costs

Construction
Lands and
Relocations

Total

5,443,000

118,500

5,561,500

TABLE E-15

Non-Federal

0
151,000

151,000

2,386,000
118,500

2,504,500

2,386,000
269,500

2,655,500

Ad jusment of share
to assign all land
and relocations to

non-federal interest

TLEL Y e e

Federal

3,057,000
0

3,057,000

2,504,500
0

2,504,500

5,561,500
0

5,561,500

Non-Federal

0
151,000

151,000

2,267,500
237,000

2,504,500

2,267,500
388,000

2,655,500
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- The Corps recommends that, subject to certain conditions of nonFederal

. cooperation as outlined in this report, the proposal for flood control be

El approved for construction. The total cost of the recommended plan is

l; estimated at $8,279,000. The Federal share of the estimated cost would be

'} $4,000,000, and the non-Federal share would be $4,279,000 of which

$3,891,000 is for construction and $388,000 is for lands, easements, rights-

of-way and relocations.
The local sponsor of the project is the Coachella Valley Water District].
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